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PREFACE  TO   FIRST   EDITION. 


The  work  of  the  United  States  Commission  of  Fish  and  Fisheries 
is  carried  on  at  twenty-five  stations  or  hatcheries  located  at  suitable 
places  throughout  the  country.  At  Woods  Hole  and  Gloucester,  Massa- 
chusettSy  cod,  mackerel,  lobster,  and  other  important  marine  species  are 
propagated  and  the  fry  are  deposited  on  the  natural  spawning-grounds 
along  the  coast.  At  Battle  Greek,  Baird,  and  Hoopa  Valley  in  Oalifor- 
nia,  at  Glackamas  in  Oregon,  and  Little  White  Salmon  Eiver  in  Wash- 
ington, the  eggs  of  the  Pacific  salmon  are  collected  and  hatched,  and 
the  fry  are  planted  on  the  spawning-beds  in  the  neighboring  streams. 
The  Atlantic  and  landlocked  salmons  are  cultivated  in  Maine  at  Craig 
Brook  and  Green  Lake  to  restock  the  depleted  streams  and  lakes  of 
New  England  and  northern  New  York.  On  the  Great  Lakes  at  Cape 
Vincent, New  York;  Put-in  Bay,  Ohio ;  Alpena,  Michigan,  and  Duluth, 
Minnesota,  the  work  is  with  whitefish  and  lake  trout,  in  order  to  sustain 
the  great  commercial  fisheries  conducted  for  those  species.  Hatcheries 
in  the  interior  at  St.  Johnsbury,  Vermont;  Wytheville,  Virginia; 
North ville,  Michigan ;  Manchester,  Iowa;  Bozeman,  Montana;  Neosho, 
Missouri;  Quincy,  Illinois;  San  Marcos,  Texas,  and  Leadville,  Colo- 
rado, are  devoted  to  the  important  work  of  maintaining  in  the  inland 
lakes  and  streams  the  supply  of  brook  trout,  rainbow  trout,  black  bass, 
crappie,  and  other  fishes.  During  the  spring,  on  the  Potomac,  Dela- 
ware, and  Susquehanna  rivers,  shad  are  hatched  and  are  distributed 
in  suitable  streams  along  the  Atlantic  Coast. 

For  the  distribution  of  fish  and  eg|?s  the  Commission  has  four  cars 
specially  equipped  with  tanks,  air-circulating  apparatus,  and  other 
appliances. 

In  the  prosecution  of  marine  work  three  vessels  are  used,  the  steamers 
Albatross  Q,ud  Fish RawJcj Sknd  a  schooner,  the  Grampus.  The  Albatross 
is  fitted  with  appliances  for  deep-sea  dredging  and  collecting  work,  and 
is  used  for  surveying  and  exploring  ocean  bottoms  and  investigating 
marine  life.  The  Fish  HatcJc  is  in  reality  a  floating  hatchery,  and  is 
engaged  in  hatching  shad,  lobsters,  and  mackerel,  in  collecting  eggs, 
and  in  distributing  fry,  besides  making  topographic  surveys  of  fishing- 
grounds,  etc. 

The  necessity  for  a  handbook  describing  the  manner  of  propagating 
the  different  fishes  reared  by  the  United  States  Commimovv  o^  ¥\%\5l 
and  Fisheries  has  long  been  felt  in  the  Commiasioii,  a\iA.W»\%^wv^!X 


\>v 


X  RBPOBT  OF  COMMI88IONEB  OF  FISH  AND   FISHERIES. 

that  such  a  manual  will  be  of  valae  to  all  persons  interested  in  fish- 
eoltare.  The  material  for  the  present  work  has  been  famished  by 
experienced  fishcultarists  connected  with  the  Commission^  who  have 
treated  of  the  subjects  with  which  they  were  especially  familiar.  Owing 
to  the  interest  shown  in  the  cultivation  of  oysters  and  firogs,  special 
reports  on  these  subjects  have  also  been  incorporated. 
The  following  is  a  list  of  the  contributors  and  their  subjects: 

Charles  G.  Atkins,  Snperintendent  U.  S.  F.  C.  Station,  Craig  Brook,  Maine. 

The  Ailaniic  and  Landlocked  SalmanM. 

F.  M.  Chamberlain,  Assistant,  U.  S.  Fish  Commission,  Washington,  D.  C. 

Edible  Frogs  and  their  Artificial  Propagation, 

Frank  N.  Clark,  Superinteudent  U.  S.  F.  C.  Stations  in  Michigan. 

The  Brook  Trout  and  the  Lake  Trout, 

J.  Frank  Ellis,  Superintendent  of  Car  Service,  U.  S.  F.  C,  Washington,  D.  C. 

TraneportaiioH  of  Fish  and  Fiek  Egg: 

H.  F.  Moore,  Assistant,  U.  S.  Fish  Commission,  Washington,  D.  C. 

Oysters  and  Methods  of  Oyster-Culture, 

William  F.  Page,  Snperintendent  I'.  S.  F.  C.  Station,  Neosho,  Mo. 

The  Blavk  Basses,  Crappies,  and  Bock  Basa. 

(leorge  A.  Seagle,  Superintendent  U.  S.  F.  C.  Station,  Wytheville,  Va. 

The  Bainhow  Trout, 

Livingston  Stone,  Superinteudent  V.  S.  F.  C  Station,  Baird,  Cal. 

The  Salmons  of  the  Pacific  Coa»t, 

J.  J.  Strunahan,  Superintendent  U.  S.  F.  C.  Station,  Put-in  Bay,  Ohio. 

ne  Whitefiah. 

Stephen  G.  Worth,  Superintendent  U.  S.  F.  C.  Station,  Washington,  D.  C. 

The  Shad, 

The  chapters  on  most  of  the  niiuor  fishes  were  furnished  by  Dr. 
Uugh  M.  Smith. 

Valuable  information  on  marine  fishes  was  also  furnished  by  Lieut. 
Franklin  Swift,  TJ.  S.  N.,  C.  G.  Corliss,  E.  E.  Hahn,  Alexander  Jones,  and 
E.  F.  Locke,  of  the  United  States  Fish  Commission,  and  on  the  quinnat 
salmon  by  J.  P.  Babcock,  of  the  California  State  Fish  Commission. 

In  order  to  increase  the  usefulness  of  the  work  to  the  general  reader, 
a  technical  description  of  each  imi)ortant  fish  is  given,  together  with 
brief  information  regarding  its  geographical  distribution,  habits,  move- 
ments, size,  gi'owth,  food,  natural  spawning,  etc. 

While  the  operations  described  are  essentially  those  of  this  Com- 
mission, they  are  usually  the  same  as  those  employed  by  the  State 
commissions  and  individual  iish-culturists,  although,  in  some  instances, 
excellent  work  is  done  by  other  methods.  The  propagation  of  the 
various  marine  species  is  carried  on  only  at  the  Government  hatcheries. 
The  methods  described  for  hatching  SalmonidWj  while  differing  in 
minor  x>articulars,  are  practically  interchangeable,  and  may  be  used  at 

the  discretion  of  the  hsh-culturist. 

John  J.  Bbioe, 

Ootnmissioner. 
Washington,  D.  C,  September  i,  1897. 


THE  SALMONS  OF  THE  PACIFIC  COAST. 


There  are  five  species  of  salmon  on  the  Pacific  coast  whicli  belong 
to  the  genus  Oncorhynchus^  namely,  the  chinook  or  quinnat  sahiion 
{Oncorhynchus  t8chawyt8cha)jt\ie  red  or  blueback  salmon  {Oncorhynchu^ 
nerka)^  the  humpback  salmon  {Oncorhynchus  gorbuscha),  the  silver 
salmon  {Oncorhynchttshisutch)^  and  the  dog  salmon  [Oncorhynchus  Jceta), 
The  features  which  separate  the  Pacific  salmons  from  the  Atlantic  salmon 
are  not  marked  and  consist  chiefiy  in  a  larger  number  of  rays  in  the 
anal  fin,  and  more  branch iostegals,  gillrakers,  and  pyloric  ca^ca. 

The  characters  noted  in  the  following  key  will  usually  be  sufficient  to 
distinguish  the  different  species  of  Pacific  salmon : 

Quinnat  salmon :  Scales  in  longitudinal  series  from  135  to  155,  aver- 
aging about  145;  pyloric  cceca  140  to  185;  gillrakers  comparatively 
short  and  usually  23  in  number,  9  being  above  the  angle;  rays  in  anal 
fin  16;  branchiostegals  15  to  19.  Body  robust;  head  conic;  eye  small; 
caudal  tin  deeply  forked.  Color  above  dusky,  sometimes  with  bluish  or 
greenish  tinge;  sidesand  belly  silvery;  head  dark,  with  metallic  luster; 
back  and  the  dorsal  and  caudal  fins  with  numerous  round  black  spots. 

Blueback  salmon:  Scales  in  longitudinal  series  about  130;  pyloric 
ccBca,  75  to  95;  gillrakers  comparatively  long  and  32  to  40  in  number; 
rays  in  anal  fin  14  to  16;  branchiostegals  13  to  15.  Body  rather  slen- 
der; caudal  fin  much  forked;  anal  and  dorsal  fins  low.  Color,  above 
bright  blue,  sides  silvery,  no  spots. 

Humpback  salmon :  Scales  very  small,  210  to  240  in  longitudinal  series; 
pyloric  coeca  very  slender,  about  180  in  number;  gillrakers  short,  about 
28,  13  being  above  angle;  anal  rays  15;  branchiostegals  11  or  12. 
Color,  bluish  above,  silvery  on  sides ;  hind  part  of  back,  adipose  fin,  and 
tail  with  numerous  black  spots,  largest  and  of  oblong  form  on  tail. 

Silver  salmon:  Scales  large,  125  to  135  in  longitudinal  series;  pyloric 
cceca  comparatively  few  and  large,  45  to  80  in  number;  gillrakers  long 
and  slender,  23 in  number,  13  below  angle;  anal  rays  13  or  14;  branchi- 
ostegals 13  or  14.  Body  loug;  head  short,  conic;  snout  blunt;  eye 
small;  fins  small,  caudal  deeply  forked.  Color  bluish  green,  sides  sil- 
very, finely  punctulated;  spots  few  and  obscure  on  head,  back,  dorsal, 
adipose  dorsal,  and  upper  rays  of  caudal. 

Dog  salmon:  Scales  of  medium  size,  138  to  155  in  lateral  line;  pyloric 

cceca  140  to  185;  gillrakers  short  and  few,  0  above  and  15  below  angle; 

13  or  14  rays  in  anal  fin;  branchiostegals  13  or  14.     Form  of  quinnat, 

bat  head  longer  and  more  depressed.    Dusky  above  and  on  head,  paler 

on  sides;  very  fine  spots  on  back  and  sides,  often  wanting;  tail  plain 

doaky  or  finely  spotted,  with  black  edge;  other  fins  blackish. 
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2  REPORT  OF  COMMISSIONBR  OF  PISR    AND   FIBHERIEd. 

ThoHc  siiliimiig  are  tlie  most  iiu[>ortant  group  of  llahea  entering  the 
rivers  of  >'iirtli  America.  Ttie  Nteelliead  (Salmo  gairdneri),  tecliDically 
a  tniut,  but  |>o|)ularly  re^ranlecl  tw  a  sitluiou,  also  inhnbita  the  waters  <ri 
tbe  Pacittc  HUist  and  iu)4la  to  tlie  imtHirtance  of  the  salmou  tribe. 

In  recent  year^  the  anunal  catcb  of  salmon  in  the  Pacific  States  and 
Alaska  lias  been  over  1(H>,IK)0,(K>0  pounds.  In  1899  tbe  qnautity  of 
salmon  canne*!  was  i',4riO,OIHi  cases  of  48  one-pound  cans.  The  wwgfat 
of  tlie  frfsU  H»b  represented  by  this  pack,  together  with  the  large 
(luantitics  snhl  fresh,  salted,  and  smoked,  was  about  175,000,000  iwunds, 
with  a  value,  as  placed  on  tlie  market,  of  nearly  $9,000,000. 

THE  QUINNAT  SALMON. 

Tho  'jiiinnat  Kiilnion  {Omitrht/nckug  tiiehawj/ttcha)  is  known  by  a 
numlter  nf  other  oxinnnon  uamen  in  various  parts  of  its  range;  among 
tbeni  are  <-bino<>k  salmon,  king  salmon,  Columbia  salmou,  Sacramento 
salmon,  and  tyee  salmon.  The  (juinnat  is  the  most  imitortantof  tbe 
salmons.  It  is  not  only  RU|>erior  in  food  i|ualities,  but  attains  a  vastly 
lar{;er  si/e,  has  a  wider  geofn'aphiciil  range  and  a  greater  commwcial 
value  than  any  of  the  others.  When  fresh  ftoiu  the  ocean  it  is  a  very 
handsome,  resjilendent,  wetl-fornietl  fish,  greatly  resembling  the  Atlan- 
tic saliiiiin  (Sahiio  aahir).  although  ito  form  is  less  symmetrical  and  its 
oiitliiii'N  less  f;raui'ful.  It  is  of  a  uniform  rich  i-ed  color,  l>econiing  pala* 
(ir  streak('<l  upon  till'  a]>|>r<)ach  of  the  Spawning  season.  Its  value  for 
cannint^  jiurposfs  is  hugely  enhanced  l)y  the  i>er8istence  of  the  red  color 
of  the  meat  after  rooking. 

In  sii^c  11(1  other  salmon  in  tlie  world  ('om])ares  with  it.  In  the  Yukon 
Uiver,  Alaska,  it  reaelies  a  weight  of  over  100  [Miuuds,  and  in  the 
Colnmliiu  lliver  there  are  well-authentieateil  cases  of  its  weighing 
mure  than  sii  ponn<1s.  I'artliei-  south,  it  runs  smaller,  although  in  the 
Sacramento  individuals  wci^lnn^r  ■'^i*  or  <><>  pounds  are  uot  rare;  22 
jiounds  is  a  fair  avenigt'  weight  in  the  Columbia  lliver  and  16  pounds 
in  tht;  SiitTaiireiito. 

Its  kni>\vii  raa^e  i-^  jiraetically  from  Monterey  Bay  (latitude  36j)  to 
the  Viikiiii  Itiver,  lint  imlividnals  have  been  seen  in  Norton  Sound, 
somewlml  iinrtli  of  the  Viikini,  and  as  far  down  the  eoast  of  Califoniia 
as  the  Ventura  Uiver.  Hiniie  it  ihiives  well  in  very  cold  water  it  is  likely 
thai  its  lanjre  extends  to  ami  possibly  within  the  Arctic  Ocean. 

While  in  the  sea  c[iuuiiat  salmon  probably  do  not  wander  very  far 
from  the  moulhs  of  the  rivers  they  have  left,  and  for  this  reason  usually 
return  tn  spawn  in  the  rivers  in  wliieh  they  were  hatched.  They  prefer 
the  laryiT  rivers,  like  the  aacraniento,  tbe  Oolninbia,  the  Nushagak, 
and  Yukon.  They  are  very  persistent  in  ascending  the  rivers  to  spawn, 
and  lta\<'  lieen  seen  erowding  u|i  the  nviitets  which  form  the  head 
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the  headwaters  they  remaiu  for  a  week  or  two  before  proceeding  to  the 
spawn iug  grounds.  Their  rate  of  progress  varies  with  the  season,  and 
probably  depends  to  a  great  extent  on  the  rainfall  and  the  state  of  the 
river,  rain,  roily  water,  and  high  water  always  hastening  their  progress. 

When  they  first  come  from  the  ocean  the  sexes  are  almost  identical 
in  ap][>earance,  but  as  the  time  for  spawning  approaches  a  difference  is 
noticed  between  the  males  and  the  females,  which  during  the  spawning 
season  bet'omes  more  marked.  The  fully  developed  ova  of  the  female 
give  her  a  round,  plump  appearance,  while  the  male  grows  very  thin. 
His  head  flattens,  the  upper  jaw  curves  like  a  hook  over  the  lower,  the 
eyes  become  sunken;  large,  jiowerfnl,  white,  dog  like  teeth  appear  on 
both  jaws,  and  the  fish  acquires  a  gaunt  and  savage  appearance.  As 
8oon  as  they  reach  fresh  water  their  api)etites  grow  less,  their  throats 
begin  to  narrow,  and  their  stomachs  to  shrink.  This  does  not  at  first 
entirely  prevent  them  from  feeding,  but  it  changes  them  enough  to 
enable  them  to  overcome  the  temptation  to  return  to  their  well-stocked 
feeding-grounds  in  the  ocean,  and  the  longer  they  remain  in  fresh  water 
the  greater  are  the  changes,  and  the  desire  to  turn  back  for  food  is 
correspondingly  lessened.  This  change  comes  about  gradually,  increas- 
ing day  by  day  from  the  time  they  leave  tide  water  until  at  the  near 
approach  of  the  spawning  se^ison  their  throats  and  stomachs  become 
entirely  incapacitated  for  receiving  food,  and  the  desire  and  ability  to 
feed  leave  them  entirely.  The  great  reserve  of  flesh  and  blood  which  they 
bring  with  them  from  the  ocean  enables  them  to  keep  the  vital  organs 
active  until  their  mission  up  the  fresh- water  streams  is  accomplished. 

Quinnat  salmon  that  spawn  a  long  distance  from  the  ocean  do  not 
return  to  it  again,  but  die  on  or  near  their  spawning-grounds.  This 
singular  fact  has  been  disputed,  but  its  truth  has  been  proved  repeat 
edly  and  conclusively.  After  spawning  they  rapidly  deteriorate,  the 
flesh  shades  ofif  to  a  light,  dirty  pink  and  they  become  foul,  diseased, 
and  much  emaciated.  Their  scales  are  wholly  absorbed  in  the  skin, 
which  is  of  a  dark  olive  or  black  hue,  and  blotches  of  fungus  appear  on 
their  heads  and  bodies,  and  in  various  places  are  long  white  patches 
where  the  skin  is  partly  worn  off.  Their  tins  and  tails  become  badly 
mutilated,  and  in  a  short  time  they  die  exhausted. 

The  quinnat  salmon  first  appear  on  the  Pacific  coast  at  Monterey  Bay, 
where  many  are  caught  with  hook  and  line  as  early  as  the  second  week 
in  January,  and  are  next  seen  in  the  Sacramento  River  in  numbers  in 
February.  In  the  Columbia  River  they  a|)pear  in  March,  but  are  not 
abundant  until  April  or  May.  They  arrive  in  s(mthern  Alaska  in 
May  and  farther  north  in  June,  while  it  is  probable  that  it  is  still  later 
before  they  ascend  the  Yukon,  where  the  running  season  is  very  short 
and  may  not  exceed  a  month  or  six  weeks.  The  early  runs  in  the 
Columbia  River  are  usually  from  one  to  three  weeks  i)a8snig  from  the 
mouth  of  the  river  to  Clifton,  about  20  miles.  They  first  appear  ai 
The  Dalles^  200  miles  up  the  river,  in  the  middle  of  April,  and  are  found 
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ID  great  (juantities  at  this  point  about  the  middle  of  Jnoe,  two  months 
after  tbey  appeared  in  large  numbers  at  the  bar.  This  woald  indicate 
that  they  proceed  up  the  Columbin  at  the  rate  of  100  milea  a  month. 
In  the  later  raas  tbey  probably  travel  faster. 

The  spawning  season  of  the  quinuat  varieti  in  different  rivers  and, 
considering  the  entire  coast,  lasts  at  least  six  months.  In  July  the 
Bummer  run  is  spawning  at  the  headwaters  of  the  McClnud  and  Sacra- 
mento rivers  in  California;  m  August  and  September,  further  dowu 
these  rivers.  In  October  the  fall  nin  has  begun  in  tlie  McOloud  and 
below  and  tLis  run  continues  spawning  through  November  into  Decem- 
ber. In  the  Columbia  the  spawning  begins  at  the  headwaters  in 
June;  at  Clackamas,  Il*5  milcH  from  the  month  of  the  river,  it  begins 
about  the  middle  of  September  and  continues  until  November. 

A  few  days  before  they  are  ready  to  spawn  the  saliooi)  hollow  oat 
elongated  cavities  with  their  heads  and  tails  )ii  tbe  gravel  beds  of  the 
river  where  there  is  some  current,  and  here  in  due  time  the  eggs  and 
milt  are  deposited.  The  eg^s  drift  into  the  crevices  in  the  jiile  of  stones 
thrown  up  below  the  hollow,  sink  to  the  bottom,  and  remain  in  that  pro- 
tected position  during  incubation ;  here,  also,  the  young  remain  until  the 
umbilical  sac  is  absorbed.  The  eggs  and  young  are  liable  to  destruction 
by  freshets,  but  are  comparatively  safe  from  other  injurious  influences. 

Tbe  qniunat  is  not  so  prolific  as  the  Atlantic  siilmon,  '.iOO  or  400  eggs 
to  each  pound  weight  of  the  parent  flsh  being  a  fair  average. 

In  view  of  the  enormous  aunual  catch  of  this  salmon  for  commercial 
purposes  the  necessity  for  its  propagation  became  manifest  at  an  early 
period  in  the  history  of  tbe  Pacific  fisheries.  Fortunately  it  is  readily 
susceptible  of  artificial  propagation  on  a  large  scale,  otherwise  the 
supply  in  the  western  river.s  would  have  materially  fallen  off'.  Since 
the  work  began  in  1873  on  the  McCloud  River  it  has  grown  to  large 
proportions,  and  engages  the  attention  of  all  the  coast  States  as  well  as 
the  (ieueral  Government,  and  is  now  more  extensive  than  ever  before. 

As  the  salmon  ascend  the  rivers  they  are  caught  by  gill  nets,  fyke 
nets,  iionnds,  weirs,  seines,  wheels,  and  other  devices,  but  in  the  Sacra- 
mento and  Columbia  the  greater  numbers  are  caught  with  gill  nets 
drifting  with  the  current  or  tide  as  they  head  upstream.  In  tbe 
river.-f  they  are  comparatively  sate  from  enemies  except  otters,  ospreys, 
and  fishers,  but  immense  numbers  are  destroyed  at  the  mouths  of  the 
streams  by  seals  and  sea  lions. 

The  i|uinnat  salmon  has  been  introduced  into  Japan,  Australia,  New 
Zealand,  and  Europe,  but  efforts  to  acclimatize  it  on  the  Atlantic  coast 
of  the  United  States  have  so  far  l>eeu  unsuccessful. 
THE  BLUEBACK  SALMON. 

(.'onsidetinti  the  entire  west  coiist.  Ibis  j 
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to  tlie^cbinook  in  commercial  value,  beini;  especially  iTii])ortant  in  the 
Colum]>ia  and  Fraser  rivers  and  in  Alaska.  lM»r  canning  purposcH  it 
18  bat  little  inferior  to  the  chinook,  the  color  of  the  Mesh  being  a  rich 
re«l.  which  persists  after  canning.  Large<inantitic8  are  canned  in  ]>ritish 
Colmnbia  and  in  Alaska,  particuhirly  on  Kadiak  Ishind,  and  its  com- 
mercial imix)rtance  to  that  Territory  is  indicated  by  the  fact  that  nearly 
half  of  the  entire  salmon  ]>ack  of  the  worhl  comes  from  Alaska  and  the 
majority  of  the  fish  there  <*anned  are  of  this  species.  Comparatively 
few  red  salmon  are  sold  fresh  in  the  United  States. 

It  is  next  to  the  smallest  of  the  salmons,  the  maximum  weight  being 
about  15  pounds,  but  it  rarely  weighs  over  s  pounds  and  the  average 
ift  scarcely  5  iK)unds.  In  various  lakes  this  lish  weighs  only  half  a 
poaud  when  mature,  and  is  (*alled  the  little  redtish. 

It  ranges  from  Humboldt  Bay,  Calilornia,  to  the  far  north.     In  gen- 
eral it  ascends  only  those  rivers  which  rise  in  cold,  snow- fed  lakes.    No 
more  is  known  of  its  ocean  life  than  of  the  cininnat.     It  a])pears  in  the 
Columbia  with  the  spring  run  of  the  ciuinnat.     In  southern  Alaska  and 
at  Kadiak  Island  it  comes  in  numbers  in  June;  the  heaviest  run  is  in 
Jane  and  July,  the  spawning  occurring  in  August  and  Sei)tember.     In 
the  Idaho  lakes,  which  may  be  considered  typical  si)awning-grc)unds 
for  this  tish  in  the  United  States,  the  height  of  the  sjKiwning  season  is 
from  August  25  to  Sei)tember  5,  although  ripe  eggs  have  been  found  as 
early  as  August  2,  and  lish  with  eggs  in  them  as  bite  as  September  11. 
In  the  numerous  afiluents  of  the  Fraser  River  the  spawning  extends 
from  Sei)tember  15  to  Novembei*  15,  a  few  stragglers  spawning  as  late 
as  Novembi^r  30.    They  deposit  their  eggs  on  gravel  in  rather  shallow 
water,  usually  in  the  inlets  of  the*  lakes.     The  eggs  average  about  1,000 
to  1,200  to  the  tish. 

Except  in  the  breeding  sc^ascm  the  color  of  this  lish  is  a  clear  bright 
blue  above,  with  silvery  sidc\s  and  belly.  At  tiie  spawning  ])eriod  the 
back  and  sides  become  red,  and  ihe  male  develops  an  extravagantly 
booked  upper  jaw. 

THE  HUMPBACK  SALMON. 

The  humpback  salmon  (( f nco r In/ nr lifts  fiorhusrha)  is  the  smallest  of 
the  l*a<:ilic  salmons;  its  average  weight  is  only  i")  pounds,  and  it  rarely 
reaches  10  jmunds.  Its  range  is  from  San  Francisco  i)robably  as  far 
north  as  the  Mackenzie  Kiver,  and  it  is  also  ccnnmon  on  the  Asiatic 
coast.  It  is  the  most  abundant  and  gencMally  distributed  salmon  in 
Alaska,  but  in  the  Pacific  States  it  does  not  ordinarily  occur  in  great 
abundance,  although  there  is  sometimes  a  noteworthy  run  in  the  Paget 
Sound  region. 

In  food  qualities  the  fresh-run  hnmpbacrk  is  scarcely  inferior  to  any 
other  salmon.  Whiles  the  tiesh  has  a  very  line  tlavor,  it  is  paler  than  that 
of  other  red  salmon,  and  the  spc^cies  has  ccmsec|nently  been  neglected 
bvcanners;  but  it  is  lu'obable  that  it  will  eventuallv  be  utilized  for 
canning  purposes,  and  it^  excel  lent  cpuili  tics  when  fresh  are  undoubtedly 
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•It>sitiii-il  ti>  civf  ir  :i  s'*Mt  <-oininerruI  v^a«.  It»  cbk-f  citusumptioQ 
iinw  i"  by  Aliiskaii  imtives.  whi-i  i-onr  lirfx  -iiUQtines  fi>r  winter  nse. 

TIm-  liiittiiihiirk  Miilrtiuii  utriierally  fl«vks  :br  »null«r  sTTvani?)  fur  tlie 
|iiit|>iiHr  i<l'  s)iiiwiiin;:  mill  ile[Ki8it«  iXse-^fr^  a  sbort  distance  trom  the 
hi'ii,  -rfiiiii-liiiii-s  within  only  11  fewrodsof  theoe^^n.  Al  Kadiiik  Ishinil, 
\lii->k;i,  wIkto  ir  is  often  very  ahiinilant.  it  amre>  in  the  latter  part  of 
.iiil>,  Mil- mil  i-i>n(inuiiif!  tiuly  a  tew  weeks.  :^pa1rTlin)I  taktw  pliure  in 
Aiii:ii'>t. 

'I'lii'ii-  iiro  iiiily  ii  I'fw  hiuidnHl  ecps  to  each  d«h.  the  eggs  )>eing 
HHiiilh'i  iliaii  llioHt*  (>r  till'  iiniunnt  but  larger  than  those  of  the  retltisit, 
,iii<l  |i;ilri  ill  niliir  (liiiii  the  PKgs  of  either  of  those  siiet-ies. 

W  Ik'ii  tlii^  siiliiioii  llrxt  t-nmeH  friini  the  oceiiu  it  rewmbles  u  small 
i|ijiii>iiii.  tint  iiN  (lie  Hpiiwning  Heasoii  advani'es  it  tlevrlnpsa  very  lurge 
.mil  |>iiiiiijiii'iil  )iiim|i<>ii  its  lKu;k.  This,  with  thedistortioDot'theJaws, 
);i\<' '  I  III'  iimIi  ;i  viTy  siiiKiilui' a)>i>t'i>ranre.     Tlie  extreme  emaciation  and 

il vii'iiNivc  ^l<>ll;:lljll}:  of  the  skin  ami  tiesh. which  are  incident  to 

■-|i;iiviiini;,  iimiiIi  in  I  lie  ili'iith  of  all  the  ti»b,  either  on  the  S{>awmng' 
;:i I  'ir  .ill it  Ih'ihk  Mwrpt  out  to  M'a  by  the  current. 

TlIK  SILVER  SALMON. 

Tlir  ■.l1m(  Hill II  iihiriirlifiurliiis  kiKHtrh)  is  alao  known  aa  silversides, 

'■l.ouu  .  Lisitii'li.  lioo|iui  siihiioii,  and  colin  galmon.  It  iij  a  beautiful 
Il  h.  Ii.i\iii-:  :i  ^r.K'inil  luim  iiml  a  bright  silver?  okin.  Its  tlesh,  which 
i»  I. Hill  E'xiiil.  ii>niiM\  li;is  a  brif^lit  red  i-otor,  but  a8  thiit  fades  on 
ii..,i.iii'  ii  I-,  II, , I  iii.:lil\  ii-;:arde(l  for  (■aniiing imri>ose8,  though  larjie 
i|<i.Miiiri.  .Ill'  iiii)-.  iiMli.i'd  oti  tlic  Ciihimbia  Itiver,  I'o^t  SonmU  and 
I  111-     ii.il  I   .n,i.[   siiiMiii.,  of  nie^mi   luid   \VaHhington.     Its   average 

iMi'lii  111  il.i-i  III bia  ;iiiit  I'li^M't  Sound  is  S  ])onnds,  butiii  Alaska  it 

■•■•■•  iii.iil\   I.I  |i is;  it   i;iicly  ifiu'hes  30  pounds.     Its  range 

I  -  '> 'Ill   I  liiiK  i-^i'x  I thiTii  Alaska,  and  ao  far  south  on  the 

■^  'i'"  ■"■'  I  .1  ■  .la|<;iii.  Il  runs  up  llic  rivers  to  spawn  in  fall  or 
'■"'  l>  '>  ii'ii  I ,  ulii-ii  Mir  uaii'i'K  an>  liifrli.  but  usually  does  not  ascend 
I"  1 1  ill  1. Ill, .,  I III,.  i„-,Mn.      Till-  :ivrra;;t*  nnnilwr  of  cgg«  to  a  tish 
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■  A'7((i  is  the  least  vahiable  of  the 
'i\  ill  lar^c  ijuantitjcs  by  the  Alasl^an 
.'  puiiiiiis  anil  (he  niaxiiiium  is  about 
III  I''r;iiicis<'o  to  Kaniuhatka,  beJiig 
riic  cnlinHreim'Tit  and  distortion  of 
i('[>iilsive  look,  and  the  large  teeth 
■n  Jitsi   I'riiin  the  otH^an,  the  desh  hao 


i 
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THE  STEELHEAD. 

Another  anadromoas  salmonoid  fish  found  on  the  Pacific  coast,  popu- 
larly regarded  as  a  salmon,  is  the  steelliead  (Salnw  gairdneri),  known 
also  as  hardhead,  winter  salmon,  square-tailed  trout,  and  salmon  trout. 
It  resembles  in  form,  size,  and  general  appearance  the  salmon  of  the 
Atlantic  coast^  and  is  distinguisheil  from  other  Pacific  coast  salmon  by 
its  square  tail,  its  small  head,  round  snout,  comparatively  slender  form, 
liglit  colored  flesh,  and  its  habit  of  spawning  in  spring.  It  is  more 
slender  than  the  quinnat  and  consequently  not  so  heavy  for  its  length. 
Its  average  weight  in  the  Columbia  is  about  10  pounds,  although  it 
sometimes  reaches  30  pounds. 

Its  range  is  very  extended,  reaching  from  Santa  Barbara  on  tlie 
soutliem  coast  of  California  to  the  Alaska  Peninsula,  and  perha])S  to 
the  Arctic  Ocean,  and  it  is  found  in  almost  all  the  streams  of  the 
Pacific  States  which  empty  into  the  ocean.  It  begins  to  enter  the 
Columbia  in  the  fall,  and  is  then  in  ])rime  condition.  From  this  time  it 
deteriorates  until  the  following  spring,  when,  between  the  months  of 
February  and  May,  spawning  occurs.  Its  movements  in  other  rivers 
on  the  coast  are  not  materially  difierent,  though  perhaps  it  enters  the 
southern  rivers  earlier  and  northern  rivers  later  tlian  the  Columbia. 
Like  the  chinook,  the  steelhead  ascends  rivers  for  long  distan(*es,  and  it 
has  been  found  almost  as  far  up  the  tributaries  of  the  Columbia  as  the 
ascent  of  fish  is  possible.  Its  eggs  are  much  smaller  than  those  of  the 
chinook  and  average  3,000  to  5,000  to  the  fish. 

As  the  greatest  quantities  of  steelheads  are  caught  in  the  spring, 
when  they  are  spawning  and  are  in  a  deteriorated  condition,  they  are 
not  generally  esteemed  as  food;  but  when  they  come  fresh  from  the  sea 
and  are  in  good  condition,  their  flesh  is  excellent.  As  the  demand  for 
salmon  has  increased,  steelheads  have  been  utilized  for  canning  and 
they  have  formed  a  noteworthy  part  of  the  canned  salmon  from  the 
Columbia  River  for  a  number  of  years  j)ast,  as  well  as  from  the  short 
coast  rivers  of  Washington  and  Oregon.  Their  consumption  fresh  has 
been  incrcjisiug  yearly  and  considerable  quantities  have  been  sent  to 
the  Eastern  States  in  refrigerator  cars. 

ARTIFICIAL  PROPAGATION. 

The  chinook  being  the  principal  salmon  that  has  been  propagated 
artificially,  the  present  chapter  relates  almost  entirely  to  this  species. 
The  discussion  of  the  apparatus  and  methods  has  special  reference  to 
the  hatcheries  of  the  Commission  on  McC'loud  Kivor  and  Battle  Creek, 
tributaries  of  the  Sacramento,  although  cognizance  is  also  taken  of 
the  work  at  the  stations  in  th(»  basin  of  the  (Columbia  liiver  and  on 
the  short  coast  rivers  of  California  and  Oregon. 

In  1890  the  number  of  eggs  of  this  fish  collected  by  the  Commission  was 
48,043,000,  from  which  about  4*5,775,000  fry  were  hatched  and  planted. 
The  collections  of  steelhead  eggs  numbered  4ir>,()00,  whiitli  produced 
85j035  fry. 
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OAPTI'BINO   ADI'LT   aiXMOK. 

The  eggs  osed  for  artitirial  propagation  are  obtained  from  bbIohhi 
tukeii  oil  tlieir  way  apstreiuii  to  tlie  iiiitarnl  Bpawning-groiindB.  The 
a8<-eiitof  the  lUh  is  t)to])i»ed  by  a  beavy  womlen  rack  or  barricade  and 
below  tbifl  obstnictioii  tlietr  c-iiptiire  is  effected  by  vorioiu  means 
dejicndiiig  on  t)ie  niitnral  conditionti.  At  Baird  Btation,  on  the  HcCload 
River,  tlie  most  jiriR'tical  nietliod  of  collecting  them  in  large  nombers 
in  with  drug  or  sweep  seines.  Tbese  are  from  120  tA  170  feet  long, 
nitide  of  alH>nt  L'S-tlireail  twine,  and  are  :!0  feet  deep  in  the  middle, 
t4i|>cring  down  to  abont  6  feet  at  tlio  ends;  tbey  are  donbln-leaded  on 
ai'tu>unt  of  the  swift  carraiit  of  tlie  river,  and  have  a  4-iiich  mesb. 

In  the  rack  are  bnilt  large  wooden  traps,  in  wliich  at  tttnea  (especially 
dnring  u  niiu  storm  a<-coni])anied  by  a  marked  rise  in  the  river)  large 
iitimbers  of  fialuion  are  taken,  but  there  is  never  more  than  a  small 
percentage  of  Kpanniiig  ilsh  tbns  secured.  Tlie  trap  is  simply  a  aqnare 
iix'ldsnre  of  vertically  plaee^l  slats,  with  an  entrance  similar  to  that  of 
an  onlinary  pound  net.  The  llsli,  in  their  eager  efforts  to  pass  opstream, 
go  through  the  V-sbapetl  month  of  tbe  trap,  and  having  once  entered 
arc  not  able  to  tiud  their  way  out.  Boards  are  placed  over  tbe  top  of 
tbe  trap  to  prevent  the  tish  from  leaping  out. 

Tlie  trap  is  <juite  a  vahiable  auxiliary  to  the  seine,  bat  althoagh  it 
will  sMHire  many  nnri|>c  ttsh,  the  ripe  ones,  which  are  the  ones  wanted, 
tindiiigan  olistritction  in  their  way,  are  ajit  to  settle  back  to  spawning- 
gr<mnds  lielow  ami  reinaiii  there.  This  may  be  obviated  by  building  a 
second  ra<k  below  the  tirst,  wliicli.  while  permitting  tbe  ascent  of  the 
Dsb,  i*  s'o  constructed  us  to  jirevent  their  letHrii. 

Large  dip  nets  liave  been  iiseil  occasionally  at  Clackamas  stAtion,  in 
Oregon,  (lie  lishermen  standing  on  the  rack  at  night  and  dipping  below 
it.  Toward  the  end  of  the  season  this  method  secures  a  considerable 
uniiiber  of  ri]>e  tish,  but  it  involves  iiinch  labor  and  e\[>ense,and  most 
of  the  spawtiin;:  tisli  taken  with  the  dip  nets  would  probably  ha%'e  been 
cii]>tiiri-il  in  tlie  regular  <-oiirso  of  tistiing.  Then'  being  no  satisfac- 
t4)ry  suitiing-grounds  at  Clackamas,  and  the  river  Just  below  the  rack 
bein^  shallow,  an  Inilian  method  of  lishiiig  is  used.  The  aversion  of 
sabnoii  to  beadiiij:  downstrcaiii  is  well  known,  but  when  tbey  are  very 
nmcL  I'ri^'lilened  they  will  turn  around  and  rush  ilownstream  at  their 
utmost  speed.  The  Indiums  liikc  advantage  of  this  fact  and  bnild  a 
dam  cf  rock  or  wii-kerwurk.  or  anytliing  that  will  present  an  obstruc- 
lion  lotht- frightened  lisli.  It  is  shaped  like  the  letter  V,  with  tbe  angle 
ilowiistnrani,  and  at  tlie  angle  is  a  large  trap  into  which  the  flsh  are 
driven.  This  Avas  ;it  one  time  the  ]iriiicipiil  method  of  <-aptaring  the 
bn-ciling  salmon  at  (!hickamas,  anil  it  woikwl  very  satisfactorily.     Fyke 
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since  the  rack  has  been  in  use  the  seine  has  been  hauled  more  or  less 
in  the  daytime  with  perfectly  satisfac*tory  results,  the  fishing  generally 
commencing  about  4.30  a.  m.  and  continuing  as  long  as  the  results  war- 
rant it.  The  work  is  resumed  again  about  5  o'(*.1ock  in  the  afternoon 
and  continued  as  long  as  it  meets  with  success. 

CONSTRUCTION   OF   THK  RACK. 

This  obstruction  consists  of  a  fence  placed  across  the  river  and  sup- 
ported by  piers  heavy  enough  to  prevent  the  force  of  the  current  from 
pushing  them  out  of  x)08ition.  Log  stringers,  from  8  to  15  inches  in 
diameter,  are  laid  from  pier  to  pier,  to  which  they  are  securely  pinned, 
and  posts,  from  2  to  4  inches  in  diameter  and  of  the  required  length, 
are  driven  obliquely  into  the  bed  of  the  river,  the  lower  ends  being  3 
or  4  feet  upstream,  the  upper  ends  resting  on  the  stringers.  Against 
these  iK>8ts  is  laid  the  rack,  which  is  made  in  sections,  each  G  to  10  feet 
long,  the  slats  which  form  tlieni  being  1^  inches  thick  and  3  inches 
wide,  and  securely  braced  at  top  and  bottom.  The  slats  are  set  1^ 
inches  apart,  and  are  beveled  on  the  upper  side  in  order  to  present  less 
resistance  to  the  current.  The  space  between  the  slats  allows  ample 
room  for  water  to  go  through,  but  prevents  any  salmon  from  ascending. 
A  wider  space  between  the  slats  would  be  preferable,  as  creating  less 
obstruction  to  the  current,  but  it  would  allow  a  considerable  percent- 
age of  small  grilse  (the  young  salmon  after  its  first  i  eturn  from  the  sea) 
to  get  by  the  rack,  and  unless  the  older  males  are  quite  plentiful  the 
grilse  are  likely  to  be  needed  when  the  spawning  season  arrives. 

The  piers,  when  first  made,  are  hollow  triangles  of  heavy  logs,  each 
layer  of  logs  being  firmly  pinned  to  the  one  below  it,  until  the  required 
height  is  reached,  the  apex  of  the  triangle  pointing  upstream.  They 
are  afterwards  filled  with  rocks  and  are  very  substantial.  Those  on 
the  McCloud  have  been  able  to 'Withstand  the  tremendous  momentum 
of  the  current,  even  in  the  highest  water. 

TAKING  AND   IMPREGNATING   THE  EOGS. 

After  salmon  are  secured  by  the  seine  or  other  means,  they  are,  for 
convenience  in  handling,  ])laced  in  pens  or  live  boxes  made  for  this 
purpose,  the  rii)e  or  nearly  ripe  males  and  f(*males  being  kept  sei)arate. 
Where  the  eggs  are  taken  on  a  large  scale,  it  is  desirable  to  have 
separate  compartments  for  ripe  males,  ripe  females,  nearly  ripe  females, 
and  males  partially  spent  that  it  may  be  necessary  to  use  again,  and 
one  or  two  spare  compartments  are  found  to  be  convenient  where  large 
numbers  of  fish  are  handled. 

Stripping  the  fish  is  usually  done  every  day,  as  the  eggs  of  the  females 
confined  in  the  pens  are  likely  to  be  injured  within  tlie  iish,  which  is  a 
serious  objection  to  keeping  the  ])arent  Iish  in  confinement  any  longer 
than  is  absolutely  necessary. 

Of  the  signs  that  usually  accomjinny  ripeness  in  a  female  salmon, 
the  se{>aration  of  the  eggs  in  the  ovaries  is  the  surest,  but  the  spawn- 
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taker  relies  ratlior  on  a  general  a|)|>earaDce  vliich  is  ndtber  color, 
sbii]>e,  nor  condition  of  organs,  bat  wliich  shows  at  a  glanoe  that  the 
fish  is  ri|>e  and  ei)n  be  appreciateil  only  by  experieuce. 

Spawning  0[>eratiouB  are  cuuducted  upon  a  floating  platform,  beneath 
wlijch  are  coinpHrtinents  for  retaining  the  ripe  fi^b,  aud  which  are 
accessible  through  hinged  covers  net  in  the  plank  flooring.  Projecting 
beyond  this  platlorni  is  another,  upon  which  the  acttial  vork  of  strip- 
ping the  tiNh  and  caring  for  the  pans  is  ]>erformed. 

When  Diking  the  eggs,  one  or  two  men  stand  ready  with  dip  nets  to 
baud  the  females  to  the  spawn-taker,  aud  one  or  more  perfitrm  the  same 
office  with  the  mules.  Aft«r  the  salmon  are  taken  from  the  pens  they 
are  held  suspended  in  the  net  until  their  violent  struggles  are  over, 
after  wliieli  they  become  c|uiet  enough  to  be  handled  aud  the  eggs  and 
milt  cau  be  expressed  wiaily. 

All  methods  of  taking  salmon  spawn  are  very  much  the  same,  there 
being  only  shght  did'erences  in  details,  chiefly  iu  the  manner  of  holding 
the  paraiit  fish  and  impregnating  the  eggs.  Where  there  are  plenty 
of  assistants  and  the  salmon  are  of  medium  size,  the  most  expeditions 
way  is  for  the  man  who  takes  the  spawn  to  hold  the  fom^e  in  one 
hand  and  press  ont  the  eggs  with  the  other,  another  in  the  meantime 
holding  the  tail  of  the  flsh.    The  male  is  handled  iu  the  same  way. 

The  above  nietho<l  is  employed  at  Baird,  but  on  the  Colnmbia  River, 
where  the  salmon  are  larger  am]  are  harder  to  mauage,  the  "strait- 
Jacket,''  as  it  is  i-alled.  is  used;  Ibis  is  a  sort  of  a  trough  made  about 
the  average  length  of  the  salmon  and  hollowed  out  to  fit  its  general 
shape.  Across  the  lower  end  isapermanentcleat,aiidattbeupi>er  end 
is  )i  strap  with  a  ]>uckk>.  The  llsh,  when  manipulated,  is  slid  into  the 
trough,  the  tail  going  down  below  tlie  cleat,  whore  it  is  securely  held, 
and  the  head  is  hnckled  in  at  the  n[>per  end  with  the  strap.  It  is  now 
niiiible  to  do  aiiy  harm  by  its  struggles  and  the  eggs  can  be  pressed 
oiil  iiL  leisure.  The  stiait-jiicket  is  almost  indis]ieMsable  with  the  very 
lai'ge  salmon  an<l  is  a  very  gre;it  convenience  when  the  operators  are 
limited  in  number. 

In  im|iregnating  the  eggs  the  main  object  is  to  bring  the  milt  and 
the  eggs  together  as  quickly  as  possible  after  they  have  left  the  fish. 
My  some  jjersoiis  a  liltie  water  is  considered  desirable  to  give  greater 
activity  to  the  milt,  but  if  left  more  than  a  minute  in  the  water  there 
is  a  decided  h>ss  of  fertiliz.ing  power.  The  eggs  do  not  suffer  so  quickly 
frum  inimersi<jn  in  water.  The  absorbing  ])roi>erty  which  tbey  possess 
wlji'ti  they  lirst  leave  the  |i)ii'ent  lish,  and  which  attracts  to  the 
microgiyle  the  spennato/.oa,  lasts  several  minutes,  but  it  is  not  prudent 
to  leave  the  eggs  in  the  wat<jr  a  muaieiit  longer  than  is  necessary  before 
adding  the  milt. 
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the  eggs  together  with  the  slightest  possible  delay  after  they  leave  the 
fish,  it  makes  very  little  difference  whether  water  is  used  or  not. 
The  milt  retains  its  fertilizing  power  several  days  when  kept  from  air 
and  water,  and  impregnation  can  be  effected  between  fishes  widely 
separated  by  merely  forwarding  the  milt  properly  sealed.  At  Baird 
impregnation  by  the  dry  method,  which  has  always  been  followed  there, 
has  resulted  in  the  fertilization  of  about  90  per  cent  of  the  eggs  so  treated. 

The  liussian  or  dry  method  of  impregnating  eggs  consists  simply  in 
taking  both  the  eggs  and  the  milt  in  a  moist  pan.  It  may  be  urged  as 
an  objection  to  this  method  that  the  eggs  will  be  injured  by  striking 
against  the  pan,  but  it  is  a  fact  that  although  the  same  eggs  would  be 
destroyed  by  the  concussion  a  week  later,  or  even  24  hours  later,  they 
do  not  suffer  in  the  least  from  it  at  the  moment  of  extrusion  from  the 
fish. 

It  was  at  one  time  considered  an  important  question  whether  the 
eggs  or  milt  should  be  taken  first,  but  with  the  dry  method  it  makes 
no  difference,  as,  either  way,  both  eggs  and  milt  remain  operative  long 
enough  for  all  practical  purposes  of  impregnation. 

Various  methods  of  treating  the  eggs  in  the  pan  after  impregnation 
has  taken  place  have  been  tried.  Some  operators  leave  the  eggs  in 
the  pans  as  first  taken  with  the  milt  for  two  or  three  minutes  and  then 
add  water,  after  which  they  are  left  to  stand  in  the  pan  until  they 
separate,  when  they  are  washed  clean,  taken  to  the  hatching- house,  and 
placed  in  the  troughs.  Others  i)our  the  contents  of  the  several  pans — 
eggs,  milt,  and  all — into  a  large  can  after  the  eggs  become  impregnated, 
and  when  the  eggs  separate  tlie  contents  of  the  can  are  poured  into  the 
hatching-troughs,  trusting  to  the  current  in  the  troughs  to  wash  the  milt 
from  the  eggs.  At  Baird,  water  is  poured  on  the  eggs  a  few  moments 
after  they  become  impregnated,  after  which  they  are  left  perfectly  quiet 
until  they  separate,  which  in  water  of  the  temperature  of  the  McCloud 
River  in  September,  52^  to53o,  takes  about  an  hour.  The  pans,  in  the 
meanwhile,  are  put  in  a  trough  filled  with  river  water  to  keei*  them 
firom  becoming  too  warm.  After  the  eggs  separate  they  are  carefully 
washed  and  are  carried  in  buckets  to  the  hatching-house,  where  they 
are  measured  and  placed  in  the  Uatching-trays. 

The  methods  of  taking  and  fertilizing  eggs  at  Clackamas  are  as  follows : 
The  female  fish  to  be  operated  u])on  is  taken  from  a  tioating  pen  and 
is  placed  in  the  spawningbox  or  *' strait-Jacket'';  a  male  fish  is  then 
caught  and  tied  with  a  small  rope  around  its  tail  to  some  part  of  the  corral 
where  he  can  be  quickly  caught  when  needed.  One  man  presses  the 
eggs  from  the  female  securely  held  in  the  spawning-box,  the  i)an  for 
receiving  these  being  held  by  another.  As  soon  as  the  eggs  are  taken, 
the  male  is  drawn  from  the  pen  by  the  rope  and  held  by  one  man,  who 
takes  it  by  the  tail  with  his  left  hand,  its  hea<l  between  or  a(!ross  his 
knees.  With  his  right  hand  the  milt  is  then  pressed  from  the  fish 
into  the  pan  containing  the  eg^s  as  soon  as  possible  after  they  are  taken. 
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The  egsi»  are  tnkon  in  a  pan  witliont  aoy  water  and  milt  enoagb  is 
tiRed  to  iiiRure  it»  eomiiig  in  roiitix-t  with  each  egg.  After  the  egga  and 
uiilt  are  ohtaiiied  the  pau  is  gMitly  tilted  l>oin  side  to  side  and  the  mass 
ot cgf^s  iiiid  milt  stirred  with  the  tiiiKers  until  thoroughly  mixed.  The 
pan  in  then  filled  itlmiit  tu'o- thirds  full  of  water  aud  left  antil  the  eggs 
Be])!irate,  the  time  varying  from  1  to  U  hoara,  according  to  the  number 
of  eggs  and  the  condition  of  the  atmosphere. 

Tlu:  uggs  of  the  quiiinat  aidmon  are  of  a  deep  Bahnon-red  color  and  are 
heaviiT  than  water.  In  eizo  tliey  average  about  i^or -^a  of  an  Jneh, 
from  12  to  18  being  covered  by  a  nquare  inch.  The  number  in  a  qnart 
is  about  ■'t,70l>.  Probably  90  jh-t  eent  of  the  eggs  taken  are  impregnated 
on  an  average,  though  the  results  vary  with  different  seasons,  places, 
and  methods  of  handling. 

HA.TCHING    APPARATUS   AND   HBTHOD8. 

The  hutching  appanitiiit  generally  emtiloyed  on  the  Pacific  coaBt  in 
salmon  propagation  consists  of  a  combination  of  troughs  and  basfcetK. 
The  troughs  in  common  use  are  the  so-called  '*  Williamson  troaghs," 
which  are  16  feet  long,  12  or  10  ini-hes  wide,  and  <i^  inches  deep.  The 
troughs  lire  amiQged  in  pairs,  and  usually  two  or  three  pairs  are  placed 
end  to  end  on  ditt'erent  levels.  The  fall  of  water  in  each  trough  is  1^ 
inches.  The  troughs  are  divided  bydtmble  iiartitiousof  wood  or  metal 
into  comiartmeut-s  just  enough  longer  than  the  baskets  to  enable  the 
latter  to  lie  raise<l  and  lowered  and  to  he  tiit-cd  slightly.  The  essential 
f'citture  of  these  troughs  is  that  at  the  lower  end  of  each  conii>artment  a 
partition,  exteniling  entirely  across;  the  tnmgh,  reaches  from  the  bottom 
almost  to  the  to]i,  and  another  similar  partition  at  the  upper  end  of  the 
coMi]iartnient  readies  froiii  the  t-o))  almost  t^o  the  bottom  of  the  trough, 
each  set  of  piirtttions  being  about  an  inch  ajtart.  The  water  is  conse- 
quently Corced  to  How  under  the  niii>er  partition  aud  over  the  lower 
giartitiou,  and  to  do  this  it  must  necessarily  ascend  through  the  tray 
o I  eggs,  Tlic  troughs  arc  provided  with  canvas  covers  stretched  upon 
light  frames,  and  made  sunlighr  pnwf  by  saturation  with  asphaltum 
varnish,  and  their  iuteri(u-s  are  thickly  coated  with  asphaltum. 

The  egg  receptacles  arc  wii-c  trays  or  baskets  about  12  inches  wide, 
-4  inches  long,  and  deep  enougli  to  project  an  inch  or  two  above  the 
water,  wliicli  is  r>  or  (!  inches  deep  in  the  troughs  in  which  they  are 
l>hice<l.  Into  cacli  of  these  baskets  2  gallons  of  salmon  eggs,  equiva- 
ieiil  (o  iibi>nt  ;tO,0(K),  are  poured  at  a  time.  The  eggs  sulfer  no  injury 
wlinlever  from  being  pa<^ked  together  in  this  manner,  the  water  being 
sn])|ilic(l  in  a  way  tlmt  forces  it  through  the  eggs,  partially  supporting 
aud  cin-niiitrng  tliiDiigh  tlicm.    Tlie  nieshes  are  too  small  to  permit  the 
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(2)  By  ti1tin<?  oue  end  of  the  tray  up  and  down  a  little  or  by  lifting 
it  entirely  and  settling  it  gently  back  again  in  its  place  the  bad  eggs 
will  be  forced  to  the  top;  thus  a  feather  is  not  re(|uired  in  picking  over 
the  eggs  and  the  injuries  very  often  inflicted  with  it  are  avoided. 

(3)  The  top  of  the  tray  being  above  water,  the  eggs  can  never  run 
over  the  top  nor  escape  in  any  way,  which  is  a  great  advantage  over 
the  shallow  form  of  tray. 

(4)  There  is  economy  of  space;  30,000  to  40,000  eggs  can  be  placed 
in  each  basket,  provided  a  sufficient  (jiiautity  of  water  is  available. 
Two  troughs,  16  feet  long  and  1  foot  wide,  will  by  this  method  carry 
about  5(K),000  salmon  eggs.  The  deep  trays  mjiy  be  filled  at  least  half 
full  of  eggs,  and  thus  ten  times  as  many  eggs  can  be  hatched  in  the  sanie 
space  and  with  the  same  supply  of  water  as  by  the  old  method.  A 
good  but  gentle  circulation  is  continually  maintained  through  the  eggs. 

(5)  The  deep-tray  system  is  admirably  adapted  to  getting  rid  of  mud 
that  has  collected  on  the  eggs,  for  all  sediment  accumulating  about 
them  can  be  etisily  removed  by  gently  moving  the  tray  up  and  down  a 
few  times  in  the  water;  but  if  the  deposit  of  mud  on  the  troughs 
becomes  so  excessive  as  to  be  unmanageable,  a  false  bottom  of  wire 
cloth  or  perforated  zinc  can  be  placed  in  the  troughs  at  a  suitable 
distance  al>ove  their  real  bottom,  leaving  a  space  of  about  1  or  1^  inches 
between  the  wire  cloth  and  the  trough  bottom.  By  this  means  tlie  mud 
that  comes  into  the  trough  will  sift  down  into  the  space  below  the  wire 
cloth  entirely  out  of  the  way  of  the  fish,  the  movements  of  the  fish 
themselves  helping  very  much  to  produce  this  result.  Should  the 
accumulation  of  mud  in  the  space  below  the  false  bottom  of  the  trough 
become  too  great,  it  can  easily  be  sluiced  out  in  various  ways. 

When  quinnat-salmon  eggs  are  simply  to  be  matured  for  shipment, 
hatching  trays  with  i  or  ^  inch  Sfjuare  mesh  will  answer  the  purpose, 
but  when  the  eggs  are  to  be  hatched  in  them,  every  alterimte  strand 
of  wire  running  lengthwise,  or,  better  still,  every  second  and  third 
thread  should  be  left  out  in  order  to  form  an  oblong  mesh  through  which 
the  newly  hatched  fry,  after  separating  themselves  from  tlie  unhatched 
eggs,  can  escape  from  the  hatching  trays  into  the  trough  below. 

AtBaird  eggs  kept  in  water  averaging  about  54^  F.  hatch  in  35  days. 
The  allowance  of  5  days'  difference  in  the  time  of  hatching  for  cjich 
degree  of  change  in  the  water  temperature  is  approximately  correct. 

For  the  first  few  days  the  eggs  of  the  (juinnat  salmon  are  very  hardy, 
and  at  this  time  they  should  be  thoroughly  pickcnl  over  and  the  deail 
oues  removed  as  far  as  possible  before  the  delicate  sta<;e  during  the 
formation  of  the  spinal  column  comes  on,  so  that  during  that  critical 
period  they  may  be  left  in  perfect  quiet.  As  soon  as  the  spinal  column 
and  the  head  show  plainly,  the  eggs  are  hardy  encmgh  to  ship,  but  when 
there  is  time  enough  it  is  better  to  wait  a  day  or  two  until  the  eye-spot 
is  distinctly  visible,  after  whi(;h  time  the  eggs  will  stand  han<lling  and 
may  be  safely  shipx>ed  if  properly  packed. 
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PACKING  ECKiS  FOB  8BIPHEKT. 

The  packiDg-bnx  used  in  Bliippin^  salmon  eggs  is  made  of  J-inch 
pine,  2  feet  square  and  1  foot  deep.  At  the  bottom  is  placed  a  thick 
layer  of  moss,  then  a  layer  of  mostiuito  netting,  then  a  layer  of  eggs, 
then  niofuiiiito  netting  again,  then  saa^essive  layers  of  moss,  netting, 
ejigs,  netting,  and  so  ou  to  the  middle  of  the  box.  Here  a  firm  wooden 
partition  is  fastened  in  and  the  pucking  renewed  above  ia  the  same 
manner  as  l>elow.  The  cover  is  then  laid  on  the  top,  and  when  two 
boxes  are  ready  they  are  placed  in  a  wooden  crate,  made  large  enoogb 
to  allow  a  sitace  of  3  iticbes  on  all  sides  of  the  boxes.  This  space  is 
fllU^d  with  Iiay  to  protect  the  eggs  against  changes  of  temperature,  and 
the  cover  being  pnt  on  the  eggs  are  ready  to  ship.  Id  the  middle  of 
the  crate  an  open  space  abont  4  inches  in  depth  is  left,  between  the 
two  lioxes  of  eggs,  for  ice.  As  soon  as  the  crates  atrive  at  the  railway 
station  this  space,  as  well  as  the  top  of  the  crate,  is  filled  in  with  ice. 
Ke<^ent  ex{>erimcnt«  show  that  salmon  eggs  can  be  packed  and  safely 
trans)>orted  to  considerable  distiiiices  when  tliey  are  first  taken. 

i:abe  of  tbb  fby. 

The  eggs  of  quinnat  salmon,  like  those  of  the  other  SalmtmidaSf  hatch 
very  gn\dnally  i)t  first,  only  a  suinll  pro]>ortion  of  fisb  coming  ont  the 
first  day;  bnt  the  number  increases  daily  until  the  climax  is  reached, 
when  large  numbers  of  young  burst  their  shells  in  a  single  day.  At 
this  time  great  i-are  and  vigilance  are  required.  The  vast  numbers  of 
shells  rapidly  clog  up  the  gnardscreens  at  the  outlets  of  the  troughs, 
which  should  W  ke|it  as  free  as  possible  by  thoroughly  cleansing  tbem 
fnun  tinu-  to  tirni.'. 

Ill  the  doep  triiys  the  newly  hatched  flab  are  mixed  with  nnhatohed 
cfi^s,  and  the  iiilvuntajie  of  the  obloufi  mesh  in  thi'  bottom  of  the  trays 
beionii's  iippari'[it.  This  mesh  is  too  narrow  to  allow  the  eggs  to  fall 
through,  but  the  hatched  fish,  being  compiiratively  long  and  narrow, 
easily  slip  down  tlirough  the  long  meshes  into  the  space  below.  They 
should  be  assisted  by  gently  raising  and  lowering  the  tray  at  intervals, 
care  being  taken  not  to  mise  them  out  of  the  water,  as  at  this  tender 
age  a  slight  ]>ressure  against  the  wire  of  the  tray  will  often  prodnce 
fatal  iiijiiriea.  On  this  account  too  much  caution  can  not  be  exercised 
in  re;;ard  to  handling  them  out  of  water  during  the  first  stages  of  the 
yolk  sac  |>erio<l,  for  the  itijuries  can  not  be  seen  at  first,  and  often  the 
death  of  the  try  is  the  first  warning  that  they  have  been  injured. 

After  the  eggs  are  all  hatchod  and  the  young  fish  are  safely  ont  of 
the  trays  and  in  the  bottom  of  the  troughs,  their  dangers  are  few  and 
they  re(|uirc  comparatively  little  care.  Almost  the  only  thing  to  be 
guarded  against  now  is  sutl'ocation.     Even  where  there  is  an  abun- 
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Eight  thousand  gallons  of  water  an  hour  is  sufficient  for  ten  lines  of 
troughs  64  feet  in  length,  containing  altogether  a  little  over  1,000,000 
young  salmons  in  the  yolk-sac  stage.  This  gives  in  round  numbers 
800  gallons  of  water  to  each  100,000  fry  every  hour,  or  16|  gallons  per 
minute,  which  is  a  safe  minimum. 

FEEDINCI   AND   PLANTING   THE   FRY. 

When  the  yolk-sac  has  become  nearly  absorbed  the  fish  rise  from 
the  bottom  of  the  trough,  where  they  have  previously  remained,  and 
begin  swimming.  They  are  now  almost  ready  for  food  and  must  be  liber- 
ated unless  artificial  food  is  provided.  As  a  rule  the  fry  are  planted 
about  the  time  the  yolk-sac  is  absorbed.  This  is  regarded  as  the  best 
practice,  and  moreover  the  amount  of  space  required  renders  the  rearing 
of  fry  in  large  numbers  impracticable.  They  have,  however,  been  suc- 
cessfully retained  in  troughs  in  small  numbers  from  the  time  they  begin 
to  feed  in  February  until  the  middle  of  May,  when  on  account  of  the 
rising  temperature  of  the  water  they  are  liberated.  They  show  when 
they  are  ready  to  feed  by  darting  to  one  side  or  the  other  when  small 
particles  of  tbod  are  dropped  in  the  water  and  Hoated  ])ast  them.  From 
this  time,  for  several  weeks,  the  necessity  for  care  and  vigilance  never 
ceases.  For  the  first  few  weeks  they  should  be  fed  regularly  and  as 
often  as  six  times  a  day,  and  the  earlier  in  the  day  the  feeding  begins 
and  the  later  it  continues  at  night  the  better.  Two  hours  after  feeding 
they  will  be  found  to  be  ravenously  hungry,  and  they  grow  much  faster 
for  frequent  feeding  and  get  that  growth  in  their  infancy  which  is 
indispensable  to  their  ultimately  attaining  the  largest  possible  size.  If 
not  fed  sufficiently  they  will  bite  at  one  another  and  cause  more  or  less 
mortality  among  themselves. 

The  best  food  for  salmon  fry  is  some  kind  of  meat,  finely  pulverized. 
Boiled  liver  is  especially  good  for  this  purpose,  partly  because  it  is 
inexpensive  and  easily  obtainable,  and  also  because  it  can  be  separated 
into  very  fine  particles.  Raw  liver  is  also  excellent  and  may  be  reduced 
into  as  fine  particles  as  the  cooked  liver  by  grinding  or  cho[)ping  and 
then  properly  straining  it  through  a  fine-mesh  screen.  The  yolk  of 
boiled  eggs  is  also  suitable,  but  is  much  more  expensive  than  liver  and 
is  not  so  good  for  the  fish  as  liver,  unless  largely  mixed  with  it. 

As  the  fish  grow  older  they  continue  to  thrive  best  on  meat  food,  but, 
if  that  is  not  always  obtainable  in  sufficient  quantities  or  on  account 
of  its  expense,  a  very  good  substitute  is  a  mixture  of  shorts  or  corn 
meal  with  the  meat.  This  is  prepared  as  a  mush  by  stirring  shorts  or 
middlings  into  boiling  water,  a  little  at  a  time,  so  that  it  will  not  cook 
in  lumps,  but  become  more  of  a  paste.  After  it  has  thoroughly  cooked 
it  is  allowed  to  cool  and  harden.  The  best  proportion  is  30  pounds  of 
shorts  to  25  gallons  of  water  with  3  or  4  pounds  of  salt.  The  per- 
centage of  liver  to  be  used  iu  this  mixture  should  be  regulated  by  the 
age  of  the  fish,  feeding  the  very  young  fi  y  upon  almost  a  simple  meat 
diet  and  gradually  increasing  the  proportion  of  mush. 
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THE  ATLANTIC  SALMON. 


DESCRIPTION  OP  THE  FISH. 

The  body  of  the  Atlantic  salmon  (Salmo  solar)  is  moderately  elongate 
and  bat  little  compressed;  the  greatest  depth  is  about  one-fourth  the 
total  length  without  the  caudal  fin.  The  length  of  the  head  is  about 
equal  to  the  body  depth.  The  mouth  is  of  moderate  size,  the  maxillary 
reaching  just  past  the  eye,  its  length  contained  2^  or  3  times  in  the 
head.  The  scales  are  comparatively  large,  becoming  embedded  in  adult 
males;  the  number  in  the  lateral  line  is  about  120,  with  23  above  and 
21  below  that  line.  The  dorsal  fin  has  11  rays  and  the  anal  9  rays.  The 
pyloric  ccBca  number  about  G5. 

The  color,  like  the  form,  varies  with  sex,  age,  food,  and  condition. 
The  adult  is  brownish  above  and  silvery  on  the  sides,  with  numerous 
small  black  si)ot8,  often  x  or  xx  shaped,  on  the  head,  body,  and  fins, 
and  with  red  patches  along  the  sides  in  the  male.  Young  salmon  (parrs) 
have  about  11  dusky  crossbars,  besides  black  and  red  spots. 

BANGE. 

The  Halmon  native  to  the  rivers  of  the  northeastern  Unite<l  States  is 
specifically  identical  with  the  salmon  of  Europe  and  all  the  affluents  of 
the  North  Atlantic.  Its  original  natural  range  in  America  appears  to 
have  been  from  Labrador  or  Hudson  Bay  on  the  north  to  the  vicinity  of 
Kew  York  on  the  south.  Within  these  limits,  at  the  proper  season  of  the 
year,  it  ascended,  for  the  purpose  of  reproduction,  nearly  every  river 
except  those  that  did  not  afford  the  requisite  facilities  for  depositing 
spawn  or  were  inaccessible  by  reason  of  impassable  falls  near  their 
months. 

In  American  rivers  frequented  by  Atlantic  salmon  they  were  found 
saccessively  in  all  parts  from  the  mouth  upw  ard,  their  migrations  extend- 
ing nearly  to  the  headwaters  of  all  the  branches  so  far  as  they  were 
accessible  and  adapted  to  their  necessities.  The  one  exception  is  the 
river  St.  Lawrence,  where  it  seems  probable,  from  such  evidence  as  is 
available,  that  few  if  any  salmon  entering  the  river  from  the  sea  ever 
ascended  as  far  as  Lake  Ontario,  and  that  the  salmon  inhabiting  that  lake 
and  its  tribataries  have  always,  as  a  rule,  made  the  lake  their  sea  and 
the  limit  of  their  downward  migrations.  Within  or  partly  within  the 
limits  of  the  United  States  there  can  be  enumerated  twenty-eight  rivers 
that  were  beyond  doubt  naturally  frequented  by  salmon,  beginning  with 
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tbe  St.  Juhn  and  ending  with  the  Houaatouic*  In  the  i^reater  part 
of  tlieso  tlie  species  liiis  be«ii  oxtoriiiinated  by  civilized  man,  aud  io 
the  few  in  wliivh  it  still  persists  its  numbers  are  for  below  the  estimates 
wliieli  the  earliest  records  waiiant  as  in  luakiDg  for  those  days. 

In  (^e^Caiu  V-ikes  of  Maine  and  northward  this  fish  is  perfectly  land- 
locked and  lias  somewhat  diHerent  habits  and  coloration,  bat  uo  distinct 
spoi-itii-  i-hnract«rs.    Similar  landlocked  varieties  occur  iu  Earope. 

LIFE  AND  SABIT8. 

Salmon  eggH  are  depoaiteil  on  coarse  gravel  on  some  rapid,  generally 
far  n|>  toward  the  sources  of  a  river,  late  in  October  or  early  in  yovem- 
ber,  wlien  the  water  is  perhaps  about  44°  F.  and  the  temperature  is 
falling.  The  egg  is  imjiregnated  at  the  moment  of  its  deposit,  and  the 
independent  life  of  the  salmon  K-gius  to  develop  at  once.  In  a  few 
weeks  thi.*  embryo  beconu's  sensitive,  but  the  extreme  cold  of  the  vater 
rc'tanls  its  development  to  such  an  extent  that  it  does  not  borst  the 
shell  of  the  egg  until  spring.  In  tbe  rivers  of  New  England  it  is  prob- 
able that  nearly  all  tiie  eggs  naturally  deposited  hatch  very  late  in 
April  ami  early  in  May.  At  this  time  the  embryo  salmon  has  a  slender 
half-trans])arent  trunk,  loss  than  an  inch  iu  length,  carrying,  suspended 
beneath,  tin  immense  ovuid  sai- — ^the  "  yolk-sac."  For  about  six  weeks 
after  hatching  it  hides  in  crevices  among  stones,  keeping  up  an  inces- 
sant fanning  with  its  ]iectoral  flns.  During  this  period  it  takes  no  food, 
but  is  Kn|iiiorti.'(l  and  iionrishtHl  by  the  yolk-sac,  the  sobstance  of  which 
is  giailiially  absoil.i-il  iiilo  the  rest  ol'  tin'  body,  and  not  until  the  sac 
has  iii'iu  ly  ilis:ii>]iearcil  does  the  salmon  really  h>ok  like  a  fish  and  begin 
:)w  food.  It  now  puis  on  a  mottled  coat,  with  several 
Ilk  hais  across  iis  sides,  and  brifjlit  reil  spots, larger  and  fewer 
iiiiit.  looking  tlicicl'ore  very  unlike  the  adult  salmon 
(lUii;;  trout.  111  this  stage  it  is  termed,  in  Scotland 
']i;iiT."  anil  it  was  formerly  thought  to  be  u  wholly 
si)ci-ies  fniiii  salnmn. 
Till'  jiaiT  sliigi'  lasts  ii  year  or  two  in  British  rivers,  and  the  few 
iIisiT  vat  ions  made  in  Aniericii  tndieale  thai  it  is  more  likely  two  years 
than  one  ill  <>ni-  rivers.  The  parr,  at  liist  but  little  over  an  inch  in 
Icn^Iii.  is  ]>i'ovt>led  with  good  leetti  iind  a  go*H\  ap|ietite,  and  beginning 
til  feed  at  a  season  of  I  lie  year  when  the  water  is  almost  crowded  with 
small  iiisei-ts  and  other  Tiiore  iniuute  creatures,  it  grows  rapidly,  prob- 
ably iiiereasing  its  weight  thirty  or  forty  times  the  first  summer.  In 
two  years  it  reaches  the  length  of  0  or  8  inches,  and  its  bright  red 
sjiols  and  (lark  liars  have  given  place  to  a  silvery  coat  like  the  adult 
salnioTi.  It  is  now  lerim-il  a  "smolf  and  is  ready  to  go  to  sea,  which 
it  il<'es  with  little  delay,  and   passes  out  beyond  the  range  of  man's 
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obeervatioD,  but  to  a  region  where  it  finds  a  rich  feeding-ground  and 
rapidly  increases  in  size.*  In  northern  rivers,  tliose  of  New  Brunswick 
and  beyond,  as  in  those  of  northern  Europe,  the  salmon  returns  from 
the  sea  when  it  has  attained  a  weight  of  2  to  G  pounds,  and  is  then 
termed  a  "grilse." 

In  the  rivers  of  Canada,  in  general,  grilse  occur  in  great  numbers, 
coming  in  from  the  sea  at  a  later  date  than  the  adults,  but  ascending 
like  them  to  the  upper  waters,  mingling  freely  with  them,  rising  to  the 
same  fly,  and  caught  in  the  same  weirs.  The  mesh  of  the  nets  is  limited 
by  law  to  a  size  that  takes  the  adult  salmon,  but  allows  the  grilse  to 
slip  through.  To  this  circumstance  it  is  in  part  owing  that  by  the 
time  the  fish  have  reached  those  portions  of  the  rivers  suitable  for 
angling  there  is  commonly,  if  it  be  late  enough  In  the  season,  a  great 
preponderance  of  grilse,  so  that  more  of  the  latter  than  of  the  former 
are  taken  by  the  angler.  In  Nova  Scotia  many  grilse  are  taken  in  the 
Shabenacadie  River  from  August  until  late  in  the  fall.  On  the  Mirami- 
chi,  in  New  Brunswick,  grilse  make  their  appearance  about  July  1,  and 
from  the  middle  of  that  month  till  the  end  of  August  they  constitute 
the  main  body  of  the  salmon  entering  the  river.  Some  sportsmen 
rei)ort  that  the  grilse  caught  exceed  the  adults  in  the  ratio  of  5  to  1. 

In  the  month  of  August,  in  the  Nepissiguit,  Restigouche,  and  St. 
John  of  Gaspe,  grilse  have  been  found  in  some  years  to  exceed  the 
adults  in  the  ratio  of  3  to  1.  They  run  into  the  Xepissiguit  mostly 
between  July  25  and  September  1.  Their  scarcity  during  the  early  part 
of  the  angling  season,  or  say  previous  to  July  20,  is  attested  by  numer- 
ous fishing  scores.  A  series  of  scores  of  salmon  fishing  in  the  Godbout 
River,  on  the  north  side  of  the  St.  Lawrence,  shows  that  previous  to 
July  15  or  20  the  adult  salmon  taken  with  the  fly  in  that  river  exceed 
the  grilse  in  the  ratio  of  10  to  1  or  more. 

In  our  rivers  grilse  are  seldom  seen,  and  only  ^  or  4  are  taken  per  year 
in  a  weir  in  the  St.  Croix,  which  takes  about  70  adults.  In  tlie  Dennys 
River  the  ratio  of  grilse  to  salmon  caught  is  not  more  than  1  to500,  and 
in  the  Penobscot  they  are  quite  as  rare.  Adult  salmon  running  in  this 
river  several  weeks  earlier  than  in  those  of  eastern  New  Brunswick,  we 


"There  has  been  considerable  discussion  on  this  point,  and  the  conclusions  of  some 
observers  are  at  variance  with  the  above  stutement.  In  S(M)tIand  many  years  ago  it 
seemed  to  be  well  established  by  theobMcrvanonsof  Bumt  that  a  portion  of  tlioyoun^; 
salmon  put  ou  the  silvery  coat  and  went  to  sea  at  the  ago  of  one  year,  but  that  others 
of  the  same  brood  did  not  get  r^ady  to  go  until  two  years  old.  Amrriran  observa- 
tions, however,  tend  strongly  to  the  conclusion  that  i\w  young  »almon  passes  two 
whole  summers  in  the  river,  goin^  out  to  sea  in  the  autumn  following  its  second 
summer  or  the  next  spring.  It  is  not  probable  that  the  sraward  migration  is 
restricted  in  any  river  to  any  exact  i>eriod  of  a  few  weeks  duration,  but  that  it 
extends  over  many  mouths,  some  of  the  young  salmon,  by  reason  of  8U])erior  native 
vigor  of  growth  or  from  other  equally  efficient  cause,  attaining  the  migratory  stage 
months  earlier  than  others  of  the  same  brood. 

It  is  the  opinion  of  one  American  observer  that  salmofi  fry  remain  in  the  streams 
until  October  of  the  siM'ond  year  before  going  to  sea.  and  that  they  do  not  go  down 
until  the  spring  of  the  third  year;  i.  e.,  when  they  are  two  years  oM  ;  thonirh  some 
may  go  down  the  fall  of  the  second  year;  and  that  the  salmon  do  not  return  until 
they  Are  four  years  old. 


ZU         WMTOKT  or  < 

Aimld  natmallj- expert  the  adrcat  «rgtaM  ci^  hi  Mr  m  eouidmble 
Bomben:  bat  we  of  the  vcirs  are  oAae  kept  n  epHBtim  OBtfl  the' 
Middle  or  l«t  of  Julr,  and  floaecwee  erck  Ofoi^^  Avgn^  when  ther 
take  BienhadeB;  bat  DO  erike  enter  thcB.  DniagthelatiarpKtaf  Oe 
sammer  the  water  at  the  aemal  folk  betvoea  Bncw  aad  OUtowB  ii 
generallT' at  a  low  ita^  and  the  attend  of  -nl-^-.  ■-.  i-n  m  ;<ni:il1  iitmr 
ber«,  to  aeeead  the  riT«  eoald  hardir  ftil  to  Im-  fminvoily  ileiwUil. 
A  similar  itate  of  thinprxntaia  she  &ni)«tir«-.  Then;  i*  aot>»capiBe 
the  eooeltuion  that  the  great  laa  af  grilee,  vhirh  is  m  pninnaent  afee- 
tare  in  the  luaumj  of  the  Hlaoa  of  aarCicni  rirtn.  is  almnst  entirely 
wnndncin  the rinrsof  tbe  Coited Statca.  It  hy  no  neans tiUovs fnuti 
this  that  OUT  t-'—t-  do  not  paea  thxoa^  the  ^«aie  ptuues  of  growtk,  or 
that  tiie  growth  is  mm  rapid,  bat  werely  (bat  wlwu  in  Ibe  sHlaeBt^ce 
tber  generally  la^ the instiiMt that napele  ibctrmoreiiortheruntlativtifi 
to  seek  fkeeh  water. 

or  tbe  cfaaraetcriatiea  of  gtilee,  as  aatntaiDed  in  tb«  rinre  t 
freqneot,  it  wHl  be  aaflkient  to  say  that  tht^y  «iliiltit  to  a  great  d 
tbe  ehaneteristia  of  the  adoJt;  that  tht.'  nutin  external  dtffi 
are  a  sborttt  head,  ilendeRr  fiam,  and  a  tlilTrreure  in  the  color  aad" 
markings;  that  they  are  remarkat^  aetiw  aii<l  ngilr,  IvapJii):  In  great 
hdghts;  that  the  male  id  iiexnallj  wdldl-\rliij<v<l  awl  moles  witb  tbi- 
adnlt,  bat  that  the  female  is  immatnte,  ami  th.it.  like  tbe  adnlt,  thvy 
ahstaiD  from  food  and  conseqaentty  lose  fleah  dnrtag  their  at^y  ia  ftadi  , 
water. 

Tlie  next  stage  of  life  of  tbe  fi«b  is  thatof  the  adnlt  salmon^  andthia 
is  tb«'  singe  at  vbivb.  witb  tbe  esoe|itioas  indicated  abore,  tbe  Atlantic 
saliiiun  liKt  a^-euils  the  rivers  of  the  Toited  States.  Anomtng  thatit 
relititjaisbed  tlie  rivers  for  the  sea  at  the  age  of  two  years,  being  then 
a  sinolt.  it  has  been  absent  two  yenrs.aud  it  is  now  foor  yeanor  a  little 
more  since  it  burst  the  shell.  This  estimate  of  age  is  based  on  Uie 
obserratioDS  tuado  by  the  Massaebaaetts  eommissionets  of  flshMies 
on  the  return  of  salmon  to  tbe  Merrimac  BEver,  which  plainly  estab- 
listied  the  fa4:t  that  the  entire  period  between  the  batohing  of  ttafty 
and  tbe  return  of  the  adult  to  the  rivers  is  about  four  years.  Whether 
tbe  name  rule  holds  in  other  New  England  rivers  can  not  as  yet  be 
establJHbeil,  owin^  to  di-tident  data.  l>ut  the  jiresomption  ia  in  Ihnr  of 
that  conclusion.  In  Canatliaii  rivers  i  be  same  period  of  growth  nipfara 
to  Ih;  tbe  universal  rule,  at  least  as  far  north  as  the  SL  Lawreooa  Btrar. 
Statistics  of  the  catch  of  salmon  for  many  years  in  eighteen  separatB 
districts,  showing  many  Huctuutions,  exhibit  a  remarkable  tandeiiQy  of 
tbe  ligureH  to  arrange  tliemselves  in  periods  of  five  years;  tfaa8|tte 
year  IST.'t  having  been  a  year  of  small  catch  of  salmon,  it  a 
in  most  of  the  districts  that  tbo  iit'st  year  of  abnormally  small  t 
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SABL.T   8ALMON-OULTXJBB  ON  THB  PENOBSCOT  BITEB. 

moveineut  for  the  reestablishmeut  of  the  lisberies  for  salmon, 
aud  other  aiiadromoas  species  iu  American  rivers  originated  in 
action  of  the  legislatures  of  New  Hampshire  and  Massachusetts, 
ig  in  view  primarily  the  fisheries  of  the  Merrimac  and  Connecti- 
rivers.  The  course  of  the  Connecticut  lies  i)artly  in  the  State  of 
mecticat,  while  many  of  its  tributaries  are  in  the  State  of  Vermont, 
these  two  States  were  therefore  early  interested  in  the  project,  and 
ir  action  soon  led  to  a  similar  movement  on  the  part  of  lihode  Island 
Maine.  The  rivers  within  the  borders  of  these  six  States  are  the 
Ijoues  in  the  United  States  known  to  have  been  frequented  by  the 
►ing  Salmo  salar^  except  possibly  the  Hudson  and  certain  rivers 
itary  to  the  St.  Lawrence,  in  the  northern  part  of  New  York. 
I  The  commissioners  to  whom  the  governments  of  the  above  States 
Ided  the  task  of  restocking  the  exhausted  rivers  turned  their 
mtion  at  once  to  the  two  most  imi)ortant  of  the  migratory  fishes,  the 
ion  and  the  shad.  The  utter  extermination  of  salmon  from  most 
the  rivers  compelling  the  commissioners  to  consider  the  best  mode  of 
itroduciiig  them  from  abroad,  eggs  were  obtained  for  a  time  from  the 
fcwning-beds  in  the  rivers  of  Canada  and  hatcihed  with  a  measure  of 
[*«ss.  After  a  few  seasons  permits  for  such  operations  were  discon- 
lued,  and  it  became  essential  to  look  elsewhere  for  a  supply  of  salmon 
In  1870  attention  was  directed  to  the  Penobscot  River,  in  the 
[State  of  Maine,  which,  though  very  unproductive  compared  with  Oana- 
'dian  rivers,  might  yet,  perhaps,  be  made  to  yield  the  recjuisite  quantity 
ef  spawn.  The  fisheries  are  all  in  the  lower  part  of  the  river  and  in 
the  estuary  into  which  it  empties,  Penobscot  Bay,  and  there  the  supply 
of  adult  salmon  could  be  found  with  certainty,  but  they  must  be  obtained 
from  the  ordinary  salmon  fisheries  in  June  and  held  in  durance  until 
October  or  November,  and  the  possibility  of  contining  them  without 
interfering  seriously  with  the  normal  ac^tion  of  their  reproductive  func- 
tions was  not  yet  established. 

This  plan  was  finally  adopted,  and  in  1871  this  method  of  breeding 
salmon  was  first  attempted.  For  the  purpose  of  the  experiment,  a 
pidut  at  the  mouth  of  Craig  Brook,  whicii  is  by  water  nearly  0  miles 
distant  from  the  mouth  of  the  Penobscot  Kiver,  more  than  half  the 
route  being  through  brackish  water,  was  selected  as  the  most  conven- 
ient fresh-water  stream  which  oft'ered  facilities  for  confining  the  salmon 
and  maturing  their  eggs.  After  some  unsuccessful  trials  means  were 
found  of  safely  conveying  a  few  live  salmon  in  fioating  cars  from  the 
fishing-grounds  to  the  station,  where  they  were  held  till  the  spawning 
season,  when  their  eggs  were  taken  and  impregnated. 

From  1872  to  187G  operations  were  conducted  on  a  larger  scale,  with 
a  fair  degree  of  success,  and,  after  a  suspension,  were  resumed  in  1879 
at  Craig  Brook  hatchery,  while  the  retaining  inclosures  were  located 
in  Dead  Brook,  about  2  miles  distant.     The  disadvantage  of  this 
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tltstiiiive  between  tlie  liatclit^ry  and  retHiniiig-ponds  was  ofiaet  by  otiier 
B<lV!iiitagei>iiK  coDditidiis. 

Until  lS?iti  no  atteii>]it  was  ina<le  to  rear  »almou,  aud  with  nnfmpor- 
tiiiit  eicceittiniii*  the  work  was  ciiiifineil  to  the  collection  of  Halmon  eg^ 
their  developmeut  during  tlio  earlier  stages,  aud  their  traiisfer  in  winter 
to  other  atatious  to  be  hatched,  lu  1^9,  however,  the  United  States 
Pish  Conimiflsionvr  decided  to  establiah  ii  permanent  station  at  Craig 
Itrook,  aud  in  autivipation  of  the  purchase  of  the  pTemiHeK,  which  was 
concluded  the  followiug  year,  the  rearing  of  salmon  to  the  age  »f  six  or 
seven  mouths  wa»  undertaken  as  tlie  leading  work  of  tho  statioa. 

WATER   FOR    A   SALMON   KATHHEBY. 

The  firnt  rcqutnilo  for  a  salmon  hatchery  i«  an  ample  anpply  of  suit- 
able water,  on  a  site  where  it  can  be  brought  t-ompletely  under  control 
and  the  re<|uisite  fall  secured.  In  thi»  niatt«r  there  is  quite  a  range  of 
clioive.  The  very  l>est  is  the  water  from  a  stream  fed  by  a  elean  lake  of 
conuidersble  depth,  taken  a  short  distance  l>elow  the  outlet  of  the  lake, 
with  an  interveuing  rapid.  Craig  I'oud  maybe  taken  aaan  example  of 
such  a  take.  It  has  an  area  of  IMI  acres,  aii  extreme  dejith  of  69  feet, 
aud  a  depth  of  25  feet  within  5(10  feet  of  the  outlet.  The  depth  directly 
iiillnences  the  ttnnpeniture  and,  other  things  boiug  equal,  a  deep  lake 
will  adoni  water  nioie  nnlforui  in  temi>eratur('  tlian  a  shallow  one — ctmler 
in  suninier  and  wiirnier,  though  never  too  warm,  iu  winter.  Such  water 
is  <-omni(inIy  quite  even  in  volume  iind  tem)>eniture,und  comparatively 
pure.  It  is  cold  in  winter  and  warms  up  slowly  in  spring,  assuring  a 
shiw,  iionnnl  dcvi'lopnicnt  of  tho  eggs,  which  is  more  conducive  to 
health  and  vigor  than  n  quicker  development.  The  passage  down  a 
rapid  will  further  iniprovc  this  water  by  charging  it  highly  with  air. 

Atl«r  this,  the  wat^T  of  a  brook  is  to  he  chosen  that  is  ted  largely  liy 
springs,  .w  as  to  iiisuiv  constiincy  in  the  supply  aud  some  uiocleratinn 
of  the  tcmiHTalure  on  warm  days,  but  it  is  better  to  have  the  water 
tlow  a  long  distance  iu  an  ojieii  chaniiol  bclore  using,  and,  if  possible, 
over  a  rough  iind  dcsceniling  lied,  that  it  may  be  well  aerated,  and  io 
ci>l<i  weather  soniewliat  cooled  down  from  the  t.cmi>crature  with  which 
it  springs  frmii  the  ground. 

The  next  best  is  pure  sjiriug  water:  but  in  all  cases  where  this  is 
us(-d  a  cooling  and  aerating  jxirul  is  necessary,  that  the  original  warmth 
of  tlic  water  may  be  subdiieil  by  tlic  cold  of  the  air  before  it  reaches 
the  1  in  telling- troughs,  and  that  it  may  absorb  more  or  less  air  by  its 
wide  siirlaiie. 

Lastly,  choose  ordinary  river  or  brook  water,  as  elean  as  possible. 
These  arc  inferior  to  spring  water  by  reason  of  liability  to  tlomla, 
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advantage  to  have  a  supply  of  both  spring  water  and  brook  water, 
depending  for  ordinary  use  on  the  brook  water  or  a  mixture  of  the  two, 
and  on  the  spring  water  for  emergencies,  such  as  the  freezing,  drying, 
or  excessive  heating  of  the  brook,  floods  with  accompanying  muddinesS| 
etc.  Water  coming  from  boggy  and  stagnant  ponds  and  marshes  is 
objectionable;  for  though  excellent  water,  capable  of  bringing  out  the 
most  vigorous  of  fish,  may  sometimes  be  had  in  such  places,  yet  when 
not  supplied  by  springs  it  is  dependent  for  its  freshness  and  good  qual- 
ities on  rainfalls,  and  if  these  fail,  as  they  are  liable  to,  the  water  may 
become  foul  and  unfit.  It  must  be  borne  in  mind  that  these  remarks 
about  the  selection  of  water  for  fish-cultnral  purposes  apply  only  to  the 
culture  of  Atlantic  or  landlocked  salmon,  in  a  climate  like  that  of  the 
State  of  Maine. 

It  is  best  to  select  a  site  for  a  hatching  establishment  in  time  of 
extreme  drought,  and  if  it  then  has  an  ample  sup])ly  of  ])ure,  sweet 
water  the  first  requisiteH  are  fulfilled.  It  is  well  also  to  visit  the  place 
in  time  of  flood  and,  if  in  a  cold  climate,  in  severe  winter  weather, 
to  learn  the  dangers  to  be  guarded  against  on  those  scores.  The 
volume  of  water  necessary  will  dei)end  mainly  on  the  proposed  capacity 
of  the  establishment,  the  temperature  of  the  water,  its  character  as  to 
aeration,  and  the  facilities  existing  for  the  aeration  and  repeated  use 
of  the  water.  With  water  of  the  highest  quality  and  low  temperature, 
and  with  unlimited  facilities  for  aeration,  possibly  a  galhm  a  minute, 
or  even  less,  can  be  made  to  answer  for  the  incubation  of  100,(H)0  eggs 
of  salmon.  As  the  temperature  rises  or  the  facilities  for  aeration  are 
curtailed  a  larger  volume  becomes  necessary.  In  case  of  spring  water, 
cooled  only  to  40^  and  aerated  only  by  exposure  to  air  in  a  pool  of  about 
a  8<iuare  rod  surface,  with  no  facilities  in  the  house  for  aeration,  and 
with  the  eggs  and  fry  crowded  in  the  tronjjhs  at  the  rate  of  4,0(M)  per 
square  foot,  4  gallons  a  minute  is  the  least  that  can  be  allowed,  while 
6,  8,  or  10  gallons  per  minute  are  better.  While  the  minimum  is,  as 
stated  above,  possibly  less  than  a  gallon  a  minute,  it  is  not  advisable 
to  trust  to  less  than  3  gallons  per  minute  for  each  1(K),()(K)  eggs  under 
the  most  favorable  circumstances. 

If  the  water  supply  is  drawn  from  a  small  brook  or  spring,  it  is  neces- 
sary to  measure  the  volume  approximately,  which  is  easily  done,  in  the 
following  manner:  With  a  wide  board  1  inch  thick,  having  a  smooth 
inch  hole  bored  through  the  middle,  a  tight  dam  is  made  across  the 
stream  so  that  all  the  water  will  have  to  How  through  the  hole.  If  the 
water  on  the  upper  side  rises  just  to  the  top  of  the  hole,  it  indicates  a 
volume  of  2.3  gallons  per  minute;  a  rise  of  half  an  inch  above  the  top 
of  the  hole  indicates  a  volume  of  3.5  gallons  per  minute;  2  inches  rise,  5 
gallons  i>er  minute;  3  inches,  0  gallons  i)er  minute;  (>  inches,  8  gallons 
per  minute;  13  inches,  12  gallons  per  minute.  If  two  1-inch  holes  are 
bored,  the  same  will,  of  course,  iiulicate  twice  the  volume.  The  volume 
of  water  flowing  through  holes  of  difl'erent  sizes  is  in  proportion  to  the 
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B<iuare8  of  their  diitmetors;  thus  a2-iucli  bole  permits  the  passage  of 
four  times  a»  much  ns  u  I-incb  hole.  A  tube  whose  lea^h  in  three 
timen  its  (li:tiiieter  will  allow  'JM  i>er  cent  more  water  to  ]>as8  tbau  a  hole 
of  the  sniiiv  iliameter  throngh  a  thin  plate  or  board. 


After  11  8atiBfa«-tor.v  wipply  «f  \vat*T  is  found  a  site  for  the  hatching- 
houHt-  must  1k>  selected  that  aftbrds  facilities  fort-reatiug  a  head  of 
water  to  provide  for  the  retpiisite  fall  into  aD<I  through  the  troughs, 
security  against  inundation,  »ei-urity  ngaiust  too  murb  freezing  if  in  a 
«-old  climnte,  and,  finally,  general  safety  and  accessibility.  The  fall 
ri'iiuinnl  in  the  hatchiiifr-house  can  lianlly  be  too  great.  The  minimam 
is  iis  low  as  :i  inrhcs.  but  only  under  the  most  favorable  circumstances 
ill  iitlicr  n'si>e<;ts  will  this  answer,  and  eveu  then  it  is  only  admissible 
whcn>  tU-Tt'  is  nn  ample  supply  of  aerated  water  and  the  troughs  are 
very  short  and  there  id  absolutely  no  danger  of  inundation;  and  this 
fall  has  ilic  disa4l vantages  of  the  impracticability  of  introducing  any 
aeriitiiic  appariitusand  the  necessity  of  having  the  troughs  sunk  below 
till-  door  ot'tlie  h;ilcliing-h<mse,  which  makes  the  work  of  attending  the 
I'gfrs  ami  lisli  very  laborious. 

A  fall  of  I  toot  will  do  tairly  well  if  there  ia  entire  safety  from  iuun- 
datiiiii.  as  this  will  permit  tin-  ti/mglis  being  i)la<«d  on  the  floor,  which 
is  a  lietter  ]i(isjituii  than  Im-Iow  it,  though  still  an  iucoiiveuient  one, 
ami  soriii'  oi' tlie  simpler  aerating  devices  can  be  introduced.  Better  is 
a  lall  i>r  '■  I'l-i-t.  ;iii<l  t;ir  lietter  a  fall  of  l>  fevt.  The  hitter  jHTniits  the 
l)l;ii-iM;:  of  ttic  l(iw.-s(  li;iH'Iiiii;;-iiiini.'hs  :.*  feet  above  the  floor  and  leaves 
jim|)le  loorii  for  roiii]ileti>  jiciMiiuTi.  The  nwessities  of  the  case  are 
deiH'iiilt'iit  l;ii;.'ely  il|m»ii  llif  \iiliL(iie  ami  cliuractei'  of  the  water,  and 
iflhiTe  is  ]ili>iity  olii,  well  iierated  liefore  n-acdiiug  the  hat^^hing-lumse, 
tiK'te  i-^  III!  ocrasioji.  in  a  small  esralilishttieiit,  of  addittoual  iteration  in 
Hie  house,  ami  l)ierefi>n-  iii>  neeil  of  ] e  than  ;{  feet  fall. 

iii>l"'.tioii  of  the  lavmises  at  time  i.f  (li.i.ds  will  suggest  the  safe- 
t;iiarci>  iieii'ssary  to  prov  iile  :i<;aiMs!  iniiailatioii.  If  located  byabrook- 
sicli-.  lUr  liati'lLirifi  liiitise  slioiild  iioi  oblnule  tiHi  much  on  the  channel, 
anil  Ij.'li.w  the  house  llieivslioiilil  he  an  amjile  outlet  for  everything  that 
mav  ermie.     I>y  i-leariiifr  oiil  ami  eiilnitriug  ii  natural  watercourse  much 

ill  a  i-nlil  i-liiaale  it  is  an  exeelleni  plan  to  have  the  hatching-house 
|iarll,\  uiiiier^idniMi,  Ici- greater  ]irofeeticni  a<,Mi]ist  outside  cold.  When 
spring'  walir  is  used  there  is  rarely  any  trouble,  even  In  a  coid  house, 
ticnii  Hie  ihiiiiatioti  of  iee  in  tlie  Iroiiglis;  but  water  from  lake,  river,  or 
btimk  is.  in  the  hililude  of  the  nmtlieiTi  tierof  Slates,  .so  cold  in  winter 
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them.  Stoves  are  needed  in  sacb  climates  to  warm  the  air  enough 
for  the  comfort  of  the  attendants;  but  the  house  should  be  so  located 
and  constructed  that  it  may  be  left  without  a  fire  for  weeks  without 
any  dangerous  accumulation  of  ice,  and  if  the  site  does  not  permit  of 
building  the  house  partly  under  ground  the  walls  must  be  thoroughly 
constructed  and  banked  well  with  earth,  sawdust,  or  other  material. 
In  warmer  climates  no  trouble  will  be  experienced  from  this  source. 

r 

DAMS  AND   CONDUITS. 

The  requisite  head  of  water  can  often  be  had  by  throwing  a  dam 
across  the  stream  and  locating  the  hatching-house  close  to  it.  The 
dam  will  form  a  small  pond  which  will  serve  the  triple  purpose  of  cool- 
ing, aerating,  and  cleansing  the  water.  But  unless  the  bed  and  the 
banks  of  the  stream  are  of  such  character  as  to  preclude  any  danger 
of  undermining  or  washing  out  the  ends  of  the  dam,  it  is  best  not  to 
undertake  to  raise  a  great  head  in  this  way.  With  any  bottom  except 
one  of  solid  ledge  there  is  always  great  danger,  and  to  guard  against 
it  when  the  dam  is  more  than  2  feet  high  may  be  very  troublesome.  If 
there  is  a  scarcity  of  water,  or  if  it  is  desirable,  for  aerating  or  other 
purposes,  to  secure  a  considerable  fall,  it  is  better  to  construct  the  dam 
at  some  distance  above  the  hatcliing-house,  on  higher  ground,  where  a 
very  low  dam  will  suffice  to  turn  the  water  into  a  conduit  which  will 
lead  it  into  the  hatching-house  at  the  desired  height. 

A  square  conduit  made  of  boards  or  planks,  carefully  jointed  and 
nailed,  is  in  nearly  all  cases  perfectly  satisfactory,  and  for  an  ordinary 
establishment  a  very  small  one  will  suffice. 

The  volume  of  water  that  will  flow  through  a  i)ipe  of  a  given  form 
depends  upon  its  size  and  the  inclination  at  which  it  is  laid.  A  straight 
cylindrical  pipe,  1  inch  in  diameter,  inclined  I  loot  in  10,  conveys  about 
11  gallons  of  water  per  minute.  The  same  pipe,  with  an  inclination 
of  1  in  20,  conveys  8  gallons  per  minute;  with  an  inclination  of  1  in 
100,  it  conveys 3J  gallons  per  minute;  with  an  inclination  of  1  in  1,000, 
it  conveys  1  gallon  per  minute.  A  2iuch  ])ipe  conveys  about  5J  times 
as  much  water  as  an  inch  pipe;  a  3in(;h  pipe  nearly  15  times  as  much. 
A  1-inch  pipe,  with  an  inclination  of  1  in  1,000,  conveys  water  enough 
for  hatching  25,000  eggs;  with  an  inclination  of  1  in  50,  enough  for 
100,000  eggs;  with  an  inclination  of  1  in  20,  enough  for  nearly  200,000 
eggs.  A  square  conduit  conveys  one-quarter  more  water  than  a  cylin- 
drical pipe  of  the  same  diameter.  If  there  are  any  angles  or  abrupt 
bends  in  the  pipe,  its  capacity  will  be  considerably  reduced.  It  should 
be  remembered  that  if  the  water  comi)letely  fills  the  aqueduct  it  is 
entirely  shut  out  from  contact  with  the  air  during  its  passage,  whereas 
if  the  pii^e  is  larger  than  the  water  can  fill,  the  remainder  of  the  space 
will  be  occupied  by  air,  of  which  the  water,  rushing  down  the  incline, 
will  absorb  a  considerable  volume  and  be  greatly  improved.  It  is 
therefore  much  better  to  make  the  conduit  twice  or  thrice  the  size 
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dema&tled  by  the  required  rolame  of  wKter.  If  the  bottcB  and  side* 
are  roDgli,  w  as  to  break  np  tbo  vater,  m  nneh  tfaa  better,  and  tlie 
vider  the  condott  is  the  more  Hortace  does  the  mter  preaeDt  to  the  air. 

ABBATIOK. 

The  water  whicli  flshes  breathe  is  bnt  the  medlnm  (or  the  oonv^aafe 
of  uir,  Tbivh  is  the  real  vivifyiog  agent,  without  which  flah  and  agga 
wilt  die,  and  with  a  scanty  supply  of  which  the  firoper  deTekqnnent  of 
the  growing  embryo  ia  impotisible.  Water  readily  abaorbe  air  when- 
ever it  comes  in  contact  with  it,  and  the  more  Intimate  aod  the  loager 
continued  the  contact  the  greater  the  volaue  it  will  absorb.  Thaample 
aeration  of  the  water  to  be  used  in  the  hatohing-house  has  alreadybeea 
muntioned  as  a  desideratnm  of  tlie  first  importance,  and  aome  of  the 
devices  by  which  it  Is  to  be  seeured  have  been  alluded  to. 

Water  from  either  a  brook  or  a  river  that  has  been  torn  into  ftoth  by 
dasliing  down  a  steep  bed  bos  absorbed  all  the  air  that  is  needed  in  10 
or  'M  feet  of  hatcbing-trough,  and  demands  no  fbrther  attention  on  this 
score;  but  if  the  water  is  taken  from  a  lake,  a  spring,  or  a  qaiet  brook 
it  coutaiua  less  nir,  which  may  be  so  reduced  befbre  it  gets  throogh  the 
hatching- house  as  to  be  unable  to  do  its  proper  work.  It  ia  therefiue 
dexirublt!  to  adopt  nil  practicable  means  of  reinlbroing  it  If  the  site 
of  the  liatcbing-bouxe  commands  a  fall  of  &  ftot  or  more,  the  object 
nuiy  bti  Httaiiied  by  contriving  in  the  conduit  outside  the  house,  or  iu 
the  batciiiiig' troughs  tht-niselves,  a  series  of  miniatnre  cascades. 

The  broader  and  thinner  the  sheet  of  water  the  more  tborongblyitis 
ex|iii8('<l  to  the  air,  and  it',  insteiul  of  being  allowed  to  trickle  down  the 
t'iK^H  of  a  iK'rpeiidiculQr  hoard,  it  is  carried  off  so  that  it  must  fall  free 
thrim^h  tlie  iiir,  iioth  surfaces  of  the  sheet  are  exposeil  and  tlie  effect 
is  <loiil)k>il.  When  ciruninatances  [lermit,  it  is  best  to  aerate  in  the 
conduit,  whirh,  as  ulroiuly  suggested,  may  be  made  wide  and  open  Ibr 
that  purjiose. 

If  aeration  van  not  1)6  efl'ecled  ontsiile  the  house  it  may  be  done 
insiile  by  arran{;in{;  two  h>ng  troughs  side  by  side,  leveled  carefully, 
so  that  the  water  is  n-ceixed  in  one  of  them  nnd  poured  over  iiitt)  the 
other  in  a  sheet  th^t  whole  length  of  the  trough.  In  the  batching- 
trouglis  themselves  there  is  an  up[>ortunity  for  aeration,  either  by 
making  Hhoit  troughs  with  a  fall  from  one  to  another  or  by  inclining  the 
troa^'hs  and  creating  falls  at  regular  distances  by  partitions  or  dams, 
each  with  its  cascnde,  after  the  fashion  already  described.  The  only 
serious  ilrlliculty  is  encountered  where  the  ground  is  very  flat,  so  that 
till-  reijnisitu  fall  can  not  be  obtained,  and  in  this  case  the  best  that 
can  be  done  is  to  make  a  very  larfre  pool,  several  square  rods  at  least, 
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it  is  equally  trae  that  the  greater  the  vohmie  the  less  aeration  is 
necessary.  When  an  large  a  volume  bb6  gallons  per  miimte  for  every 
100/  Wl  egga  JB  iit  command,  a  uompiiratively  small  ainoaut  of  aeration 
will  answer.  But,  so  tar  as  known,  the  higher  the  degree  of  aeration 
the  better  the  result,  witboutlimit,  other  things  Iteing  equal,  and  it  is 
therefore  udvised  to  make  use  of  all  the  filcilities  existing  for  this 
purpose. 

KILTERIKG. 

nefore  the  introdactlon  of  wire  or  glass  trays  for  liatebing  fish  eggs 
it  was  vnstomary  to  lay  them  on  gravel,  and  it  was  then  ahsolntely 
necessary  to  filter  all  but  the  jmrest  water.  Even  ordinary  spring 
water  deposits  ii  very  considerable  sediment,  which  might  accumnlatc 
upon  the  eggs  to  such  an  extent  as  to  deprive  them  of  a  vhange  of 


water  and  smother  and  destroy  them.  When,  however,  eggs  are  depos- 
ited on  trays  arranged  for  a  oirculation  of  water  beneath,  as  well  as  over 
them,  as  described  below,  even  thoii'j;h  their  upper  sides  are  covered 
with  sediment,  they  are  clean  imd  bright  nnderneiitlt  and  remain  in 
communioation  wiih  the  water  beneath  the  tray,  though  of  course  the 
circnlatiou  of  the  water  through  the  tray  is  not  [lerfect.  It  is  uot, 
therefore,  deemed  necessary  to  introduce  any  uxirtiderable  devices  tor 
Hlteriag  water  which  is  naturally  very  pure,  like  lake  and  spring  water 
when  not  subjeet  to  intermixture  with  sui'l'ace  wsitei'  during  rains;  but 
where  it  is  necessary  to  use  vrater  subject  t^)  constant  or  occasional 
tarbidness  some  method  of  filtering  is  indispensable. 

In  the  majority  of  cases  at  least  a  portion  of  the  water  supply  is 
obtained  firom  an  open  brook,  lake,  or  ponil,  and  measures  must  be  taken 


togetridoftiieleavMaDdotlKrooane  rnbMA  l«M0A  dewa  ^  tte 
stream  or  ooodait.  A  gmt  deal  of  raoh  matetU  is  cnsonatend  fa  m 
titreain  at  all  Maaooa  ot  the  Tear,  bat  during  the  lUl  and  carij  vinUr 
it  Ifl  espediUljr  abaodaat,  and  to  secure  mtire  aafa^  fka«  a  afa^iageof 
tfae  water,  and  ootMeqaeat  Ion,  a  ecveea  oa  a  seBeR»a  aeale  nmat  be 
provided.  ' 

A  description  of  tiie  meaiu  adopted  at  this  etadoo  te  imnriffiag  a 
temporary  extra  water  aerrice  of  several  handled  gaUtaiB  per  mimte, 
takeu  from  Craig  Brook,  will  serve  as  an  Oloatration:  A.  taolc  or  vat, 
13  feet  8]iiare  and  aboot  2  feet  deep,  is  boilt  in  tiw  bed  of  the  brook 
with  a  tight  dam  of  stones,  gravel,  loam,  and  leavea  (tbeae  to  stop 
snail  leaks)  ronning  ashore  on  wther  side,  so  that  tbeentitendameof 
tiie  brook  pasaee  over  the  tank.  The  bottom  and  sidea  aia  ttg&t  and 
strong,  and  both  bottom  and  top  are  Inclined  abont  6  fnckea  down  tiie 
stream.  The  covw  Is  of  spmoe  lamber  sawed  1^  inchea  sqoare  and 
nailed  on  in  the  direeticm  of  the  onrrent,  witti  Inlerstioes  iqteD  kalf  an 
inch;  when  in  operation  the  water  fills  the  tank  «idniiia  over  the  lower 
edge,  which  is  raised  enoagh  to  maintain  a  depth  of  aavaral  indMe  over 
nearly  the  whole  tank.  All  leaves  and  other  materialaflaatbig  new  the 
snrfoce  of  the  water  are  carried  over,  together  with  moat  labMah  whieh 
floats  deep.  At  one  of  the  lower  comers  ot  tb»  tank,  near  the  bottom, 
is  a  gate  about  16  inches  square,  which  is  hang  by  lunges  on  its  npper 
side.  It  opens  inward,  and  ia  closed  tightly  by  the  pressure  of  the 
water ;  bat  it  can  be  easily  opened  by  pushing  with  a  pole  from  without, 
and  then  serves  a»  a  Homlgate,  whereby  the  tank  may  be  thoroughly 
cleaned  out. 

At  tlie  other  lower  C4irner  U  a  conduit,  6  by  9  inches,  which  takes 
from  tbi8"lej»f8creeu"aBupply  of  water  not  entirely  ft«eflx»m  rubbish, 
bat  BO  nearly  so  that  a  filter  of  moderate  capacity  can  cope  with  what 
remains.  A  very  useful  adjunct  would  be  a  second  horizontal  screen 
of  similar  coustmctioL,  tlirough  which  the  water  that  has  passed  down- 
ward through  the  first  screen,  as  describetl,  should  next  pass  upward 
through  the  second;  the  first  screen  would  remove  floating  debris,  the 
second  Ruch  Hs  is  heavier  than  water. 

The  niter,  situated  about  TO  feet  from  the  leaf-screen,  cousiats  of  a 
wooden  flume,  12  feet  long  and  4  feet  deep,  divided  lengthwise  into  three 
compartments,  of  which  the  central  contains  flue  gravel  held  in  place 
by  a  rack  on  either  baud,  of  which  the  interstices  are  ^  iuch  wide  and 
1  i  inches  apart.  The  water  from  the  leaf-screen  is  introduced  into  one 
of  the  lateral  compartments,  and  filters  through  the  gravel  into  the 
opposite  compartment,  from  which  it  is  taken  by  a  plank  aquednct,  6 
by  (i  inches,  to  the  hatchery.  Under  the  conditions  described,  and  with 
a  fall  of  about  1  foot  from  supply  to  discharge,  this  fllter  discharges 
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maiy  to  filter  tbrongh  flanuel  screens  in  tli»  iiab^bery,  and  »ach  filters 
do  very  good  service.  They  can  be  introduced  into  the  eggtrougba, 
or  by  running  them  lengthwise  of  a  trough  a  very  large  volame  of 
water  can  be  filtered. 

PLAN. 

rn  i-i  n . O^ 


r'"''' 


A  form  of  Alter  that  lias  given  giwid  satisfiu-tion  at  the  Oriiig  lirook 
station  through  five  years  of  service  consists  of  a  scries  of  graduated 
wire  screens,  through  which  the  water  passes  upward,  first  through 
the  coarser  aud  tlien  thmugli  tlte  finer  sorccus,  with  provision  for  the 
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rcvi'i'Kal  (iT  tlic-  (-unnit  lur  <'li>aiiiti^  iiaqtoseB.  K.v  relereiice  to  the  cat 
on  pagv  'J9.  it  will  bt-  swn  tliat  the  wator  is  brought  to  the  filter  through 
II  plank  roniluit,  and  is  ailuiitttHi  tn  thv  lilter  tlirougb  either  of  two 
gates  that  swing  on  hiuges,  one  tor  tbo  (UrtM.>t  How  and  the  other  for  the 
rvvvrsa).  The  direct  (low  in  first  into  a  receiviug  obuniber,  whiuh 
extouilx  under  the  Kcieoiitt.  then  upwan)  through  the  whole  nerifiH  aud 
out  at  tbf  top.  ovvrdowing  into  a  <-Atc-b-troiifrli,  from  which  it  is  din- 
tributpi)  ax  desired.  In  cleatiBJnt;,  the  8upiily-)<:ate  is  closed  aud  the 
othfr  one  o|iFiied.  and  at  tbv  same  time  the  aluic-e-gate  at  the  bottom  is 
opened ;  the  water  tbeu  lions  in  full  volume  n)>ou  the  screeus  and  down 
throngli  them,  carrying  alt  the  int<.>rce)>te<I  debris  into  the  lower  oham- 
l>er  and  out  through  the  sluicegate. 

The  wire  filter  illustrated  has  to  paBs  some  .VK)  gallous  of  water  per 
minute,  and  has  three  scn>en-)H>xes,  each  of  which  (-arries  5  to  T  tw^reeus 
alxmt  L'  feet  wide  and  4  feet  long:  the  meshes  are  from  2  incheadowu 
to  1  ineh  siguure,  tuid  therefore  intercept  all  (coarse  debris. 

It  is  but  the  work  uf  a  few  moments  to  reverse  the  current  and 
thoroughly  cleanse  the  screens;  when  the  autumn  leaves  are  falling 
this  must  1k'  done  several  times  a  day,  but  at  other  feasous  some  days 
elapse  between  the  clennings.  Tlie  wire — even  galvanized — rusts  oat 
in  two  or  three  yeiirm,  and  lately  the  coarser  »cn,H'nit  have  been  made 
of  slender  rods  of  oak,  which  will  undoubtedly  pi-ove  more  durable. 

None  of  the  filters  descri I leil  will  inten-cpt  tlie  finest  sediment,  and 
the  water  is  liiially  passed  ilnoiigli  a  capacious  wooden  reservoir,  30 
leet  Ion;:,  S  Icet  wide,  ami  r>.\  lect  deep,  belore  it  reaches  the  troughs. 
This  aitsweis  the  piiipoi-e  well  Im-  the  :iiiiiiniit  of  water  supplied  by  the 
filter  lasl  •Icsci'ilied  .al»>ut  ~>oo  ^mIIhiis  per  mimilc)  aud  is  regarded  as 
well  M'lirtli  lia\in^'.  though  cveu  this  will  nut  insure  limpidity  in  the 

It  ni;iv  he  mentioned  rli;it  tliis  lesci  voir  is  kept  brimful  at  all  titnes, 
so  that  all  ]NirlL..iis  ol'ilic  w(ii>dw.irU.  exceiil  the  railiiigsurnmiidiugit, 
arc  ke|it  I'oiirinaoiisly  wet  and  llins  insured  against  decay  for  a  very 
huig  peri<td  of  years. 

CliAIil    niiiiiiK    lIATCIIKltV    AXI)    ITS   Ki,i|-1I>MBNT. 

The  I'riiig  I'.mok  Initchcry  derivcT*  its  walci'  supply  from  the  brook, 

which  ha-  its  si>iiri-e  in  ('riii;,'  I'ond,  Imii  which  rei'eives  in  the  lower 
p;irt  f>l'  its  course  iniiny  co[<jiMif>  springs.  This  spring  water  has  some 
adv;uita;;es.  Imt  |.i.s-;cs.-es  tin-  serious  di-^adviint;i;;c  of  such  high  tem- 
penitni'c  in  "int>-c  as  to  niululy  hasten  tlie  di-vehiptncnt  of  the  eggs, 
cansiii^r  tlieiii  ti>  liatdi  earlv  and  necessitating  shipments  of  eggs  iu 
December. 

Ai'curdingly.  an  ai|neiliiei  (iiim  a  p-inl  on  ihi'  !)roi)k  above  the  springs 
brings  to  the  liatihety  a  siip|dv  '>t  cold  water  tor  winter  use,  in  which 
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opeu  waters,  aud  if  they  are  to  be  reared  it  is  well  to  shorteu  up 
the  aac-stage  and  to  have  the  early  feeding-8tage  fall  at  a  date  when 
the  temperature  of  the  water  is  rapidly  rising,  which  will  got  the  fish 
quickly  through  that  most  difficult  of  all  stages  of  growth. 

The  aqueduct  is  about  1,000  feet  long,  with  a  bore  4^  inches,  and  has 
a  nearly  uniform  descent  and  total  freedom  from  depressions,  and  is 
from  end  to  end  one  single  piece  of  cement  concrete.  It  delivers  to  the 
hatchery  about  100  gallons  of  water  per  minute,  which  is  sufficient  for 
the  development  of  4,000,000  eggs,  and  ])Ossibly  many  more.  It  was 
built  in  place  around  a  slightly  tapering  core,  which  was  drawn  forward 
as  fast  as  the  mortar  set,  and  it  has  now  done  good  service  for  seven- 
teen years.  By  this  means  the  temperature  of  the  hatchery  water  is 
maintained  3^  below  that  of  the  brook  modified  by  the  springs.  During 
the  five  months  from  November  1, 1895,  to  April  1, 1896,  the  mean  tem- 
perature in  the  hatchery  was  36.050  y, 

COLLECTION   OF   STOCK   SALMON. 

The  only  salmon  fisheries  available  for  the  pur])ose  of  supplying  Graig 
Brook  station  with  breeding  fish  are  those  carried  on  by  weirs  about 
the  mouth  of  the  Penobscot.  Arrangements  are  made  early  in  the 
season  with  weir  fishermen  to  save  their  salmon  alive  and  deliver  them 
daily  to  the  collecting  agent  of  the  station,  who  makes  the  rounds  of 
the  district  about  low  water  with  a  small  steamer,  which  tows  the  cars 
containing  the  fish  on  the  flood-tide  to  Orland  village,  where  they  are 
pasaed  through  the  lock  about  high  water  and  taken  by  a  crew  of  oars- 
men to  the  inclosure  at  Dead  Brook. 

In  anticipation  of  this  work,  the  fisherman  places  the  floor  of  his 
weir  a  little  lower  than  he  would  otherwise  do,  so  that  at  low  water  the 
salmon  may  have  water  to  swim  in  instead  of  being  left  high  and  dry 
by  the  retreating  tide,  in  case  of  an  accidental  delay  or  failure  to  visit 
the  weir  at  the  usual  hour.  It  is,  however,  the  ordinary  prac^tice  to 
take  the  salmon  out  at  each  '^fish-tide,"  i.  e., low  water,  aud  place  them 
in  a  car.  Cars  enough  are  stationed  among  the  fishermen  to  bring  one 
at  least  in  each  neighborhood,  and  in  most  cases  the  car  is  brought 
alongside  and  the  salmon  transferred  to  it  directly  from  the  weir, 
though  in  some  cases  it  is  necessary  to  i)lace  the  salmon  first  in  a  box, 
in  which  it  is  carried  by  a  boat  to  the  car.  The  car  employed  is  made 
from  the  common  dory,  divided  transversely  into  three  compartments. 
The  central  one,  which  is  much  the  larger,  is  occupied  by  the  fish,  and 
is  smoothly  lined  with  thin  boards  and  covered  with  a  not  to  prevent 
the  fish  jumping  out  or  being  lost  by  the  car  capsizing,  which  some- 
times occurs,  while  to  guard  them  from  fright  and  the  rays  of  the  sun 
a  canvas  cover  is  drawn  over  all. 

The  first  cars  of  this  form  had  iron  gratings  to  separate  the  central 
firom  the  forward  and  after  compartments,  the  water  being  admitted 
through  the  forward  and  discharged  through  the  after  conijnutnuMit, 
but  this  was  objectionable  because  the  salmon  were  constantly^ seeking 
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to  ese^e  tliroagh  the  forwiird  gnting,Hid  oltan  it^nradthemaelvMtv 
rashing  agaiust  iL  Smooth  wooden  gratitiga  won  aAumrda  naed  and 
for  maoy  yean  can  were  emphiTed  in  which  the  emnpartmenta  woe 
sepanited  by  tight  l>oaid  partitioaB,  the  openingi  fcr  the  cfnolatioD  of 
water  conmanicating  throsgb  the  aideB  of  the  boat  dlieotly  wifli  the 
fluli  compartment  and  being,  of  conne,  grated.  This  was  a  wry  itatit 
factor;  form,  bat  when  it  was  foond  desiiable  and  practioable  to  on 
ice  in  transportation,  the  fbrwaid  eompartnMot  becaiae  the  iee-nioM, 
and  it  was  iieoesBary  to  perforate  the  partititHi  again  to  admit  the  vM 
water  to  the  flab,  finally,  stoat  woolen  blaoket  oloth  was  aabctitatad 
in  the  partitions,  with  eyelet  holes  to  afford  paaaage  to  the  water. 
This  is  the  fonn  now  in  use,  in  which  the  water  is  admitted  thnragb 
openings  in  the  sidra  to  the  ioe-room,  from  which  it  pasaea  through  tfaa 
flKh-rooni  to  the  after  room,  whence  it  is  disoharged. 

The  car  ia  ballastt'd  so  thnt  tbe  r^l  is  jnat  above  water  or,  in  oaas 
of  an  unusaally  large  load  of  Ush,  a  little  below  it.  a11  the  opening! 
conimnnk'sting  with  the  outside  are  oontrolled  by  slides,  which  ean  be 
closed  so  as  t4>  let  the  car  swim  high  and  light  when  it  is  towed  empty. 

'I  be  Itoxes  niied  for  the  transfer  of  salmon  hold  abont  90  gallons  i*afth, 
and  are  '2  feet  wide,  1*  feet  deep,  and  3  feet  long,  with  a  sliding  com, 
in  the  center  of  which  Is  an  inch  anger-hole  fbr  ventilation.  Soch  bozai 
were  nse«l  at  Bncks[Mirt  ftom  1872  to  1874  to  oonvey  the  salmon  on 
draya  from  tht>  cars  to  the  inclosare,  a  distance  of  n  little  over  a  mile; 
six  or  eiirbt  salniun  were  taken  at  once,  the  box  being  tilled  brimfhl 
nf  water,  which  wiw  bnirkisli  and  generally  clear  and  cool.  Thnngh  the 
largest,  llsh  could  not  lie  !>traiglit  in  the  box,  and  the  timeoccapied 
in  transit  was  commniily  twenty  minutes,  tliey  as  a  role  arrived  at  the 
]>ond  ill  friHNi  conditiiin. 

To  avoid  injury  to  the  lish  in  transferring  them  to  the  cars,  fine  dip 
nets,  lined  with  woolen  llatnicl  of  ojten  texture,  are  nsed.  The  bow  on 
whirh  tlu'  net  is  lumg  is  ^"2  inches  in  diameter,  and  to  secnre  a  net  of 
ample  width  three  onlinary  nets.  3<i  inches  in  depth,  are  oat  oi>en  down 
one  side  quite  to  the  bottom,  and  then  sewed  together,  giving  thna 
three  times  tlie  ordinary  breadth  withoat  increasing  the  depth. 

The  enllectioD  of  salmon  is  began  each  season  nsnaJly  from  the  30th 
of  May  to  (lie  tstof  June,  but  as  the  maximum  tempentnre  that  the 
fish  fresli  from  tlie  weira  will  endure  is  about  75°  F.,  tbe  temperature 
of  the  water  through  which  llie  cars  are  towed  mnst  be  taken  into 
eonsideration,  and  the  (;olkH:tioti  imt  l>e  iwstpoiied  until  too  late  in  the 
season.  If  the  collection  is  i>rolongo<l,  this  difficulty  ia  obviated  by 
using  ice.  as  it  has  been  found  that  by  nunlerating  the  volume  of  water 
passing  tlirougli  the  car  and  iiitrwliidug  it  all  through  the  ice  compart- 
ment it  ia  poasibl©  to  keep  a  uniform  temperature  in  the  compartment 
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wttter  is  slightly  purer  than  that  of  ordinary  brooks,  it  is  by  no  means 
so  transparent  as  that  of  Oraig  Brook,  and  the  bottom  can  hardly  be 
be  seen  at  the  depth  of  4  feet.  This  circnmstance  is  regarded  as  favor- 
able. The  inclosnre  is  located  on  the  lower  stretches  of  the  brook,  not 
more  than  half  a  mile  from  its  month,  with  low  banks  on  either  hand 
and  a  yery  gentle  current  flowing  over  a  bed  that  is  for  the  most  part 
gravelly  but  in  i>art  consists  of  a  peaty  mud  that  supports  a  luxurious 
growth  of  aquatic  vegetation.  The  general  depth  is  less  than  4  feet, 
but  two  of  the  pools  are  8  feet  deep  and  another  is  6  feet  deep.  The 
width  of  the  stream  is  from  20  to  80  feet.  The  iuclosure  occupies  the 
entire  stream  for  a  distance  of  2,200  feet,  embracing  an  area  of  about 
2}  aofes.  At  either  end  is  a  substantial  barrier,  consisting  of  wooden 
racks,  which  obstruct  the  current  very  slightly  but  confine  the  saliDon 
securely.  The  lower  barrier  is  provided  with  a  gate,  which  swings  open 
to  admit  boats,  and  at  the  upper  barrier  are  the  spawning-house  and 
watchman's  camp  and  a  small  storehouse. 

The  temjierature  of  the  water  during  the  summer  months  generally 
ranges  between  60^  and  70^  F.,  but  the  surface  temperature  occasionally 
rises  to  76^,  80<^,  and  even  84^.  During  sultry  weather  the  temx)erature 
at  the  bottom  has  been  observed  and  in  the  deeper  pools  has  been 
jfound  to  be  notably  lower  than  at  the  surface.  Thus  a  temx)erature  of 
750  at  the  surface  has  been  found  to  be  accompanied  by  08^  at  the  bot- 
tom; 730  by  740 ;  and  81°  by  72o.  It  is  probable  that  to  the  existence 
of  these  deejier  pools  the  survival  of  the  salmon  through  extremely  hot 
weather  may  be  ascribed. 

After  their  liberation  in  the  inclosnre  the  salmon  are  at  first  quite 
active,  swimming  about  and  often  leaping  into  the  air.  This  continues 
for  several  weeks,  after  which  they  become  very  quiet,  lying  in  the 
deepest  pools  and  rarely  showing  themselves  until  the  approach  of  the 
spawning  season. 

Host  of  the  deaths  occur  during  the  first  few  weeks  of  their  inipris- 
onment)  doubtless  in  consequence  of  injuries  received  in  capture  or 
during  transfer,  though  high  temx)erature  in  the  inclosnre  itself  about 
the  time  of  the  introduction  of  the  salmon  may  be  one  of  the  causes  of 
mortality.  Fish  that  e8cai)e  the  dangers  of  June  appear  to  become 
acclimated  and  able  to  endure  the  high  temperatures  of  July  and  August 
without  iiyury. 

Notwithstanding  salmon  enter  the  rivers  in  spring  or  early  summer, 
ascending  at  once  to  their  upper  waters  and  there,  in  fresh  water, 
awaiting  the  spawning  season,  fresh  water  is  not  essential  to  the  activ- 
ity of  their  reproductive  functions.  At  the  Canadian  fish-breeding 
station  of  Tadoussac,  where  salmon  are  almost  the  only  fish  cultivated, 
It  has  for  many  years  been  the  prac^tice  to  hold  their  brood  fish  in  an 
inclosnre  supplied  with  salt  water,  which  flows  and  ebbs  through  the 
barrier  confining  the  salmon,  and  the  development  of  eggs  and  milt  is 
in  no  wise  unfavorably  affected. 

F.  M. 3 
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TIIK  EUG  HABYEST. 

Tilt'  natural  ilopi-sit  nt'  s|>an'ii  by  tlie  Atliiiitic  salmnn  in  tlie  livcovof 
till*  I'liitcil  Siati'SdH'i-iirsdiiviitf!;  tlip  iitoiitlis  of  October  and  Noi'Ciiiber. 
In  artilii-ial  (t)H'ratit>irs  at  l>i-ad  Bi-o«>k  it  has  rarely  been  necessary  to 
b^'^iii  spawiiiiijr  bi'tiin'  Octobt-r  2-'.  or  to  close  Inter  tliaii  November  ML* 

l>i-a<l  liriHik  is  vomtnonly  at  ii  wry  low  stDK^  in  Aaguiit  and  Septen- 
ber.  but  it  raivly  tails  tli:it  bufm-t'  October  20  there  ix  a  very  matarisl 
imT(':isc  ill  vohinip,  Wlu-novvr  a  snddcii  rise  occurs,  even  in  August 
or  Srptcniticr.  iiiipri^tued  salmnn  are  at  once  excitt^  to  activity,  and 
Diiy  a|)t-i'tnrc  in  tlic  n|i]K'r  barrici'  sniticient  to  admit  the  bodyirf  a 
saliJKiii  is  sniv  lo  leiul  to  loss.  As  ilio  breeding  season  approaobcs  tbe 
sin-^itivt'opss  of  till-  lisli  to  sncb  inlUuMices  ini-reaBe8,and  ariseabmit 
( Vloliir  '^t  is  tbilowcd  l)y  a  gcncnil  movement  of  the  salmou apsUuun 
in  si';iri-li  of  siiawniiij;-}:i-oun(ls.  Advnntap:e  is  taken  of  this  CJreiun- 
KtiHice  t<i  eiitrap  tlicm  at  tlie  ujijicr  biirrier.  where  a  small  poond  villi 
a  bnai'il  lloor  and  a  builicd  entrance,  tike  that  of  a  weir,  is  constniottda 
few  days  iiL  advant.'C.  Tin-  sncccss  of  tliis  trap  depends  on  the  stl^  of 
till'  water,  and  it  is  always  tlie  <-ase  that  »  )>ortion  of  tlie  fish  ftaflto 
Ciller  it.  so  Unit  tbe  final  i-csorl  is  to  a  wine,  with  which  the  recaldliaBt 
salmon  aie  sivcjit  out  of  ^nmiIs  wlicre  tbcy  are  ttCii:t  to  lie. 

The  lisli  arc  dipped  tVoni  tbe  trap  or  from  the  seine  with  soft  bag-nets, 
sncb  as  me  nsi'd  in  eollci-linf;  tlii-in  tit  the  beginning  of  tbe  season, 
assort eil  io-cordin;:  to  >e\  and  eonililion.  to  facilitate  miinipulation,  and 
)il:ieei1  in  llontiuL'  wnoilen  pens,  whieb  are  moored  to  the  bank  in  fnml 
oi'tlic  ^pawTi  Imn-M-.  'I'liese  pi-ns  are  idmut  1- feet  long  and -1  feet  wide, 
Hitli  t;r;i:i'il  siiles  :iiid  lloor>,  alfordin^i  sullieieiit  cireulation  of  water, 
;iii<l.  all  ]i'<ii - li  i lull '-|i<'iis:i>>li'  tor  tbe  ciiEiveniciit  maniiiulntion  of  the  Ash. 
Ilie  [-onritjcnii'iit  in  Mieh  n;ir]'ow  iiuaitcrs  b-uds  to  eonsiderable  chafing 
111'  ucses  ami  l:iils,  ;itiil  ii'  I.Jii;:  iiiiilinned  alVeets  tbe  development  of  the 
se\n:il  (iinetjoiis  .>(  ilie  r.-inale  nil  favorably,  rctaitling  tbe  maturity- of 
llie  e;;;,'s  am]  cM-ii  ailV.iiii;;  their  .|inility.  Tbe  capture  of  the  fish 
IViini  ilie  ImniU  i-  tlientiiii-  <l<-1:iyeij  [o  tlie  ]iiiint  of  risking  the  deposit 
•  <i  some  oj    llie  earliest  e;;,i;>    in  Tlie  brook   rather  than  the  possible 

'file  >p;nviiiakiii';  ii|ieiMlioTis  lieiiiii  as  siH>n  as  any  females  «n'  ready 
I'l yield  their  egjfs.  A  NMreiiy  i.r  males  in  breeding  condition  has  never 
vet  iiei-iirii-il  at  tliis  >t;itiiiit  iit  llie  brfiiiiiiiuy  ill'  ibc  seaiioii.  and  hardly 
evi-i'  Ml  il>  i'lo>e.  Anions  tlie  eailiot  eii|>liires  there  ai-e  always  a  few 
iiiii'i|ie  lish,  but  i?iv;irt:ilily  by  Tin-  hisi  day  of  Octolier  all  are  rijie. 

■file  stiiLwriiny  liDM.-i-  eonsist-i  nt'  a  .-ingle,  plain  rinun,  with  two  doors. 
l-ioTii  one  of  ihe  beams  li:iny:s  a  siielyiird  iind  a  bag.in  which  salmon 
;ire  \ii-i;;heij.  At  uiic  end  is  a  >ii)ve.  in  which  a  lli'c  is  built  in  very 
.idiiale.l  l).>ard.  uixni  whjf 
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flsh  are  laid  for  measurement.  At  the  Iroiit  is  a  narrow  table,  on  which 
the  eggs  are  washed;  and  at  the  rear  the  entire  side  of  the  room  is 
occupied  by  a  series  of  shelves,  on  whi(5h  the  eggs  are  placed  after 
fecundation  and  washing. 

The  spawn  taker,  clad  in  waterproof  clothing  and  wearing  woolen 
mittens,  sits  on  a  stool  or  box,  and  on  a  box  in  front  of  him  is  a  clean 
tin  pan  holding  about  10  (piarts,  which  has  been  rinsed  and  emptied 
but  not  wi^jed  out.  A  female  salmon  is  (lipi)ed  up  from  one  of  the 
floating  pens  and  brought  to  the  operator,  who  seizes  her  by  the  tail 
with  the  right  hand  and  holds  her  up,  head  downward.  If  unripe,  the 
lish  is  returned  to  the  pens;  if  ripe,  the  spawn  will  be  loose  and  soft 
and  will  run  down  toward  the  head,  leaving  the  regicm  of  the  vent 
loose  and  Dabby,  and  the  operator,  retaining  his  Iiold  of  the  tail  with 
his  right  hand,  places  the  head  of  the  fish  under  his  left  arm  with  the 
back  uppermost,  the  head  highest,  and  the  vent  inime<liately  over  the 
pan.  At  first  the  fish  generally  struggles  violently  and  no  spawn 
will  flow;  but  as  soon  as  she  yields  the  eggs  How  in  a  continuous 
stream,  rattling  sometimes  with  great  force  against  the  bottom  of  the 
pan.  Shortly  the  flow  slackens  and  must  be  encouraged  and  forced  by 
pressing  and  stroking  the  abdomen  with  the  left  hand.  It  is  better  to 
use  the  face  of  the  palm  or  the  edge  of  the  hand  rather  than  pinch 
between  the  thumb  and  linger;  the  latter  action,  especially  when  work- 
ing down  near  the  vent,  is  apt  to  rupture  some  of  the  minor  blood 
vessels,  with  the  result  of  internal  bleeding,  and  it  is  better  to  leave 
some  of  the  eggs  behind  to  be  taken  another  day  than  to  run  the  risk 
of  such  ruptures. 

If  the  fish  in  hand  is  fully  ripe,  nine-tenths  of  the  eggs  are  obtained 
at  the  first  trial.  When  the  oi)eration  has  apparently  gone  far  enough 
for  the  first  day,  the  fish  is  laid  in  the  weighing  bag,  and  as  soon  as  the 
weight  is  recorded  is  stretched  upon  the  measuring  board,  whence  she 
is  returned  to  the  water,  after  a  stay  of  10  or  1.")  minutes  in  the  air, 
which  results  in  no  permanent  injury.  Both  the  weight  and  length  of 
the  fish  and  the  weight  of  the  eggs  are  recorded,  together  with  anything 
remarkable  connected  with  fish  or  eggs. 

Large  salmon  endure  trans] )ortation  and  confinement  less  success- 
fully than  smaller  ones,  and  the  record  tlien^fore  shows  large  numbers 
of  salmon  from  29  to  31  inches  in  length,  weighing,  including  eggs,  from 
9  to  12  ];>onnds,  and  yielding  LM  to  :J  i)onnds  of  spawn  ((),000  to  8,700 
eggs),  with  now  and  then  a  (ish  o.")  or  10  inches  in  length,  yielding,  in 
some  cases,  as  many  as  10,(MI0  to  20,000  i}<^<:^. 

As  soon  as  the  spawn  of  a  single  female  is  taken,  a  male  is  brought 
to  the  spawn-taker  and  the  milt  exi)ressed  ni)on  the  eggs.  The  pan  is 
then  swayed  and  shaken  violently  until  the  milt  becomes  well  dis- 
tributed and  in  contact  with  every  Qii:g,  If  the  <iuantity  of  spawn 
exceeds  3  pounds  it  is  divided  and  fecundated  in  two  ]>ans  instead  of 
one,  as  it  is  diflicult  to  secure  a  good  result  if  tlic  v^gs  lie  in  too  great 
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maesn.  The  eggs  are  pasaad  onr  to  Ute  mabitt,  vho  lapeati  tte 
swaying  tuid  tbe  Btaalcing,  and,  having  weigbed  ttwrn,  poors  in  a  small 
quuitity  of  water  and  goes  tbroagh  the  mixing  prooess  for  •  thiid 
time.  After  this  the  eggs  are  immediately  waahod  1^  ponriDg  in  an 
abnndance  of  water  and  taming  it  off,  and  repeating  the  opcsntiaB 
antil  the  water  appears  quite  clear,  when  the  eggs  are  plaoed  on  As 
shelves  iu  the  rear  of  the  apartment,  to  await  the  porooaaa  of  swellia^ 
When  the  egg  first  oomea  from  the  fish  it  has  a  soft  and  velvetiy  feeUlg 
to  the  hand,  and  the  onter  shell  lies  looM  and  alack  against  the  jolL 
The  presence  of  water  excites  the  shell  to  aotion;  its  pores  abaorb  water 
with  Bnch  force  that  any  foreign  object  ctunlng  In  eontact  ia  antAed 
against  iC,  and  in  coaseqaence  of  tliis  sncUon  the  eggs  stiek  to  llwpiB 
and  to  each  other.  In  the  coarse  of  20  or  30  minatea  tiiis  piooeas  ii 
com])lcte<l,  the  shell  is  swollen  to  its  utmost  extent  and  is  Brm  to  tta 
toiicli,  tlie  space  between  the  shell  and  the  yolk  Is  now  filled  with  wata^ 
and  ndliesion  tn  oater  objects  ceases. 

Tbo  eggs  can  now  bo  laid  npon  trays  and  oarried  to  the  hatahoT. 
"So  Berions  barm  would  ensue  if  the  eggs  shonld  be  distarbed  daring 
the  process  of  swelling,  but  it  is  better  not  to  spread  than  npon  tiaija 
until  they  have  attained  fhll  size  and  ceased  to  adhere  to  eaeh  oOmt, 
and  tlmy  are  left  on  tbe  shelves  until  the  spawning  fbr  tbe  day  is  onr, 
when  al)  are  carried  to  tbe  batohery  together.  After  the  abaorptioa  of 
water  the  eggs  must  be  bandied  very  gently,  as  they  are  now  sosoep- 
tible  to  injury  from  sudden  sbocks,  such  as  might  ensue  fVom  ponring 
tboni  from  pan  to  puii,  ur  setting  tbe  pan  containing  them  down  roughly 
u)>on  i\  wooden  tiiMe,  and  to  puard  against  such  iqjuries  the  tables  and 
shelves  are  covered  with  old  nets  or  other  soft  material. 

rOKDlTIONS  AFFECTING   FECUNDATIOM  OP  SOOS. 

While  tlio  si)awn  of  a  snliuoii  is,  with  very  rare  exceptions,  in  normal 
and  liealtliy  condition  and  capable  of  fecundation  within  the  limits  of 
the  spawning  iwiiBon,  oci-tisiunally  a  flsb  is  found  whose  eggs  are  in 
Bonio  way  defective.  Hoinetiines  tUey  are  developed  unevenly,  the 
ovaries  containiiiff  cuffn  in  various  stages  of  growth,  some  mature  and 
some  rudiineutury;  sometimes  all  the  eggs  of  a  fish  are  abnormally 
sinail,  and  Bometiiues  all  have  defects  which  render  them  incapable  of 
fetnntilation.  But  among  tliu  tbonsands  that  baye  been  manipulated 
sit  tlic  station  not  1  in  .'100  has  bad  defects  involving  as  many  as  20 
per  oent  of  lior  eggs,  and  in  the  S|)nwu  deemed  of  normal  quality  there 
can  hardly  l>e  more  than  1  defective  ofrg  in  400,  Among  the  males  no 
instaiK-e  has  occurred  where  there  was  reason  to  suspect  the  milt  of 
being  nf  defective  quality  if  secured  from  a  living  fish. 

In  1872  experiments  were  made  bearing  on  the  duration  of  the 
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hours  4,400  eggs  were  obtained,  of  which  only  58^  per  cent  were  capable 
of  fecandation.  In  one  instance  eggs  taken  from  a  dead  Ash  and  kept 
until  the  morrow  before  milting  remained  so  far  in  normal  condition 
that  12}  jier  cent  were  fecundated.  In  another  case  400  eggs  from  a 
fish  that  bad  been  dead  15  honrs  faile<l  totally;  and  the  same  result 
was  obtained  with  2,200  eggs  taken  from  four  specimens  killed  two  days 
before. 

The  same  exjieriments  afford  evidence  as  to  the  result  of  keeping  eggs 
for  various  periods  of  time  afber  they  are  taken  from  the  tish,  and 
eggs  exposed  to  the  air  and  guarded  against  contact  with  water  appear 
to  keep  better  than  in  the  organs  of  a  dead  fish.  Thus,  200  eggs  were 
kept  in  a  pan  without  water  for  12  hours  after  tlicy  were  taken  from 
the  fish,  and  the  application  of  milt  then  resulted  in  the  impregnation 
of  !M)  jier  cent;  of  200  eggs  kept  in  the  same  way  for  30  hours  and  then 
treated  with  firesh  milt,  87 J  per  cent  were  impregnated ;  and  of  100  eggs 
kept  4  days  and  then  treated  with  fresh  milt,  12  were  imx)regnated. 

Hilt  taken  from  a  living  male  and  kept  in  an  open  dish  for  several 
hours  retains  its  powers  fully,  but  experiments  with  milt  from  dead  fish 
have  given  almost  wholly  negative  results.  Numerous  experiments 
show  that  if  eggs  are  merely  covered  by  water,  without  effort  to  secure 
intermixture  or  the  washing  off  of  the  mucus  that  envelops  them  when 
pressed  from  the  organs  of  the  mother  fish,  their  susceptibility  to  fecun- 
dation may  not  be  seriously  affected  by  immersion  5  or  6  minutes;  but 
if  the  eggs  are  stirred,  so  as  to  facilitate  the  washing  off*  of  the  mucus 
and  the  access  of  pure  water,  immersion  for  1  or  2  minutes  may  pre- 
vent impregnation. 

When  thoroughly  diluted  with  water  the  milt  speedily  loses  its 
power,  the  effect  being  very  marked  at  the  end  of  30  seconds;  diluted 
with  the  mucus  that  accompanies  the  egg,  it  will  remain  effective  for  a 
long  i)eriod.  Where  water  has  been  carefully  excluded,  milt  has  been 
used  snccessfully  after  the  lapse  of  12  hours  with  landlocked  salmon, 
and  this  would  probably  hold  with  eggs  of  all  kinds  of  salmon  and 
troat.  This  property  of  the  mixed  mucus  and  milt  has  been  utilized 
in  impregnating  masses  of  eggs  when  there  is  a  scarcity  of  males,  as 
sometimes  occurs  toward  the  close  of  the  spawning  season.  In  strain- 
ing the  mixed  mucus  and  milt  from  the  pan  of  eggs,  the  lower  strata, 
which  are  richer  in  milt  than  the  upper,  should  be  especially  secured 
and  the  mixture  kept  in  a  convenient  receptacle.  The  upper  strata  of 
the  mixture  should  not  be  used,  as  the  milt  settles  to  the  bottom. 
Fresh  milt  should  always  be  preferred  when  obtainable. 

The  eggs  are  washed  as  soon  as  the  milt  is  thoroughly  diffused  among 
them,  and  this  can  hardly  be  done  too  speedily  for  the  milt  to  act.  A 
earefnl  record  of  certain  lots  of  eggs  that  were  washed  in  special  haste 
for  experimental  purposes  shows  that  they  were  as  well  impregnated 
as  those  exposed  to  the  action  of  the  milt  for  a  considerable  period. 
Prolonged  exposure  to  the  milt  luvs  been  found  to  affect  the  health  and 
development  of  the  embryo  unfavorably. 
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TKANSFEB  DF  EliC.8  TO  THE  HATCHKBY  AlTD  THKIK  CARS. 

From  Dead  Brook  the  eg^  are  transferred  to  the  batcheiy  at  Craig 
Brook  station,  about  2  miles,  aud  spread  on  tr^s  in  the  spawnisg- 
house.  The  trays  are  placed  in  ftames,  inclosed  in  boxes  vhidi  are 
padded  within  to  guard  against  concussion.  luspiteof  all  preoaatioi» 
some  of  the  eggs  are  occasionally  killed,  though  the  tnkys  are  placed  in 
pans  of  water  and  the  eggs  poured  fntm  the  spavuing-pans  with  tbe 
greatest  care.  The  frames  or  "  stacks  "  containing  the  eggs  are  plaoed 
at  once  iu  the  troughs  where  they  are  to  be  developed. 

The  trays  are  12^  inches  square,  and  vonstmcted  by  attacluog  iron 
wire-cloth  to  light  wooden  rims  with  blocks  at  the  comers,  so  that  whm 
piled  up,  one  above  another,  there  are  narrow  interstices  on  aH  font 
siiles,  through  which  wuter  cii-culates  freely.  The  rims  of  the  trays 
are  very  slender,  iu  order  that  they  may  uever  have  buoyancy  enough 
to  float,  which  would  necessitate  some  means  of  holding  them  down  and 
increase  tlie  trouble  attending  their  innnipulation.  Soutiiem  poplar 
(whitewood)  is  commonly  used,  and  »  riu  i  inch  wide  and  g  inch  deep 
aiiHwers  the  puipose  well,  provided  the  wire  be  not  very  light.  The 
corner  pieces  are  J  inch  thick,  and  give  the  interstioes  just  ttiongb 
width  tu  provide  an  nmple  circulation  of  water,  but  not  enough  to 
allow  the  escape  of  salmon  eg^^,  which  are  nearly  ^  inch  in  diuneter. 
Kustiiig  in  prevcntetl  !>>'  v:irnisliing  the  wire-cloth  with  several  coats  of 
aHphnltinii  vimiisli,  which  wurks  better  if  made  very  thin  by  the  use  of 
II  lai-;i'  in'iipiirtion  of  s|iirits  of  tur|K'utiue.  Tiie  same  viu^iisb  gives  a 
cloii)  aiul  [flu.sfiy  siirl'iicc  to  subuiur^'ed  woodwork,  and  the  vomisbing 
iscxtL'iidi-d  to  the  riuiR  of  th<^  tntys,  the  "stack -frames,"  and  interior 
snrl'act'S  of  the  troughs  themselves.  Material  subject  to  rust  should  be 
used  only  with  great  caution.  Wire  or  other  mebiUic  forms  galvanized 
with  zinc  vaiy  in  quality.  Total  loss  of  eggs  baa  been  known  to  result 
fi'om  till!  use  of  }:alvuiii/t'd  wire-cloth  when  unvarnished.  Careful 
cxi>oi'iinent  should  ]>reee(le  llie  nse  of  any  particular  brand.  Tinned 
wire  cloth  is  better,  but  whether  iiutliciently  to  warraut  the  extra 
cxpeuHo  is  the  (jUfstion. 

In  ilevelopinf;  .'Jigs,  in  "nier  to  ocoiiomize  room,  the  trays  are  piled 
up  10  or  I'O  deep  in  fianies  that  cimline  them  only  at  tbe  coruers  aud  do 
not  hinder  tlie  fVei-  passajie  of  water  liorlxontally  through  the  -'stack," 
AliDut  -,'HK)  At1aiiti<'  salmon  e^r^rs  art^  |>hu;ed  on  a  single  tray,  and  a 
trough  i)f  the  onlitniry  len;;tli,  KM.  feet,  tiierefore  carries  140,000  to 
L'SIMUMt  eftK«.  "i'h  suitable  free  siiaic  at  either  cud.  It  is  therefore  an 
exceedingly  (Compact  itpparalns  and  has  tlie  I'urlhor  advantage  that  it 
can  lie  used  in  a  very  plain  trough  which  can,  with  a  few  minutes'  work, 
l)etmiisri»rnied  intoareaiing-trough  forytning  lish.    For  10-trny stacks 
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The  water  is  fed  into  otie  eud  tlirongh  a  womlen  or  rubber  tube 
enarded  by  a  wire  screen,  and  is  regulated  by  a  simple  Hwiiiging 
gate.  The  outlet  is  either  over  a  wooden  dam  or  through  a  hollow 
plag,  either  of  which  determines  the  height  of  the  water  in  the  trough, 
which  is  always  maintained  jast  at  the  top  of  the  covering  tray  or  au 
^gbth  of  an  inch  above  it. 
rtj.1. 
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For  the  regular  picking  und  cleaning,  and  fov  <jtlRT  e.\amiuationH,  tlio 
stacks  ai-e  removed  from  the  trough  to  a  table,  wlieru  the  truys  cnii  tie 
taken  out  one  by  cue,  set  over  into  an  empty  fi-ame,  and  returned  to 
the  trough.  This  ean  be  jmrformed  with  onlinary  caution  at  any  atage 
of  the  development  of  the  embryo,  without  doing  the  slightest  injury, 
and  after  the  delicate  stage  is  passed  the  trays  and  their  burden  of 
eggs  can  be  washed  at  the  same  time  iti  u  pan  of  water. 

WINTER  CAHK   UF   K(HiS. 

The  eggs  pass  the  winter  in  the  stacks.  They  arc  regularly  picked 
over  and  the  dead  ones  removed  oiiee  or  twice  a  week — twice  during  the 
flrst  few  weeks,  on  account  of  the  comparatively  high  tmii{>eniture  then 
prevailiug  and  the  consequent  rapid  dovelopmout  of  decay  und  growth 
of  foiignn.  It  depends,  to  a  considerable  extent,  ou  the  water  tempera 
tare;  the  water  at  the  beginning  of  the  spawnnig  neason  varieis  fioui 
50^  to  55°  F.,  and  maintains  a  mean  of  4;J3  to  45^  F.  during  the  month 
of  November. 

The  color  of  a  good  egg,  or  of  an  unimpregnated  egg  that  still  retains 
its  vitality,  is  a  translucent  salmon  pink,  with  some  variations  in  shade. 
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It  is  possible,  by  jilaciug  it  in  a  favorable  light,  to  get  a  fairly  good 
interior  view,  iiicliidiiig  the  detailed  anatomy  of  tbe  embryo.  When 
tlitf  <-g<;  dicH  it  tiiniM  clinlky  white,  becomes  vliolly  opaqae,  and  in  a  fyw 
days,  (U'iH.>iidiiig  on  the  teiiii>erature,  decay  aeti  in,  and  Kimetimes  a 
whiti'  water-uiold  or  fitiigua  betiins  to  grov  apon  it  The  mere  dee^ 
of  t  he  vgg  would  foul  the  wnt^T,  thereby  injuring  the  neighboring  t^gpt, 
Hiid  the  riiH{;iis  estal)littli»l  on  tbe  deiid  eggs  may  spread  to  tbe  livfag 
(iiiefl.  It  in  therefore  esncutiiil  that  the  white  eggs  be  removed  bflAae 
they  liHve  time  to  do  any  injury. 

I'nr  e{;4,'-[)ickiiit;  a  homemade  i>airof  tweezers,  abont  6  Inoliea  kagp b 
iiHfd.  iiinde  of  miy  ('on^'enient  wood  and  tipped  with  a  pair  ef  wire 
loops  of  ii  size  to  c'ouveiiiontly. grasp  the  egg.  The  operatiX'  Ufll  the 
st;ii-k  of  triiys  cun'fully  from  the  trough  and,  to  save  dripping,  esDiai 
it  on  a  wooden  waiter  to  a  well-lighted  table  of  coDTenieot  height  OB 
wliieli  stands  :in  obhiiif;  pan,  14  by  18  inches,  holding  about  an  inekof 
IV  at  IT. 

'riic  stack  of  eg;fn  to  he  picked  is  placed  at  one  end  of  the  pan  and 
at  the  other  end  in  an  empty  ntack-fraine.  The  trays  are  examined  one 
by  one,  dip|ie<i  in  the  pan  of  water,  picked  (or  cleaned  by  agitation 
when  the  egRA  are  in  con<]ition  to  endure  the  distorbanee),  and  placed 
ill  tlif  eni])ty  frame.  The  air  of  the  room  ia  kept  at  a  low  temperatore 
diiriiii;  this  })i-i>cess,  and  the  water  in  the  pan  ia  often  changed. 

I'lic  ej^gs  when  lirst  inipie^nated  are  Ycry  HenNitive  to  rude  shocks  and 
;ii'('  h:ii[dle'l  with  ;::i'eti:t  eare.  Within  a  few  hours  the  germ  begins  to 
iiev.l..|,;  ii]  id  days,  iit  u  tGnii)eratiirc  of  about  40°  V.,  the  germ-disk 
:i|i[ii'iiis  ;is  a  riii^  of  i-[ilor  on  the  np]H;r  side  of  the  yolk.  At  this  date 
Mil'  iiiiiiii]ii'i-^n;iti-i]  i';;^:  pii-sents  the  Nitnie  appearance  and  does  not 
iliaii^r  iiMiiIi  iiiiiil  ii-i  ileaUi.  however  long  that  may  be  deferred.  In 
il«'  iiii|>i<'^ii!iteil  1'^,^.  Ittiwover.  the  ^enn-disk  continually  iiuhtrgea  upon 
I  hi-  siit'lji-e  or'  tilt-  volk;  tin-  ring  of  eolor  that  marks  its  edge  advances 
Ix'I'ntr  ii.  jiassing  •inlte  round  tho  yolk,  and  elosiug  up  on  the  posterior 

As  liiily  as  the  tliirtei-nlh  day  t  hi' dilferenceltetwecn  the  impregnated 
mill  iii[iiu]ii't^<;iiatfil  ff^a  isijiiili'  plain  to  the  unaided  eye  after  a  vray 
liillr  I'spirit'iii-e,  and  llin-i-  or  timr  days  later  the  good  egg  is  marked 
liy  a  (iistimt  lirii'  of  color  jiiissiii;.'  ariniiiil  the  very  middle  of  the  yolk, 
a  iilii'iiinui'iion  never  ;i]>|i(';)riii^-'  in  an  unimpn>j;nate<l  egg.  Daring 
iliis  slii;;e.  while  Die  eniliryonie  disk  is  spreading  around  the  yolk, 
I  he  i';;^  yrim-.s  ioiisi:iiilly  more  and  nioic  delicate,  and  liable  to  rupture 
of  Its  (issiiis  ;inil  lorisi'ijui-m  lieinh  on  very  slight  disturbance;  but 
hiiir  tin*  tissues  ^mw  slrouger,  and  when,  about  the  thirty- filth  or 
liiriiitii  'I;iy,  tlm  lyi-s  of  tin-  eiiiliryo  have  assumed  enough  color  to 
dots,  the  tiy:^  has  mtained  hardiness  enough  to 
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The  latter  procedure  is  attended  to  for  the  entire  stock  of  eggs,  but 
^<!S  of  special  importauce  iu  case  of  those  that  are  to  be  transported.    It 
^^ay  be  x>6rfonued  any  time  after  the  good  eggs  become  hardy — that  is, 
after  the  eyes  become  black — ^but  becomes  easier  late  in  the  season.   The 
Unimpreguated  eggs,  which  were  at  first  fully  equal  in  hardiness  to  the 
i  inpregnated,  lose  in  that  respect  as  time  passes,  and  finally  are  readily 
Icilled  and  turned  white  by  a  shoc*,k  wliich  does  no  injury  to  the  impreg- 
nated eggs.    When  this  time  has  arrived,  the  eggs  are  turned  from  the 
trays  into  spawning-pans  with  a  moderate  quantity  of  water,  and 
poured  from  pan  to  pan  back  and  forth  a  dozen  times,  each  time  falling 
u  foot  or  more,  and  striking  the  bottom  of  the  pan  with  considerable 
force,  giving  each  egg  a  severe  shock.    They  are  then  returned  to  the 
trays  and  troughs  and  as  soon  as  convenient  are  picked,  and  if  the 
oi>eration  has  been  thorough  almost  every  nnimpregnated  egg  has 
turned  white  and  is  picked  out,  while  the  eggti  in  which  the  embryos 
are  developing  have  not  suffered  at  all. 

PACKING  AND  TRANSPORTING. 

Bggs  may  be  safely  transported  as  soon  as  the  eyes  have  become 
thoroughly  colored,  and  until  within  a  few  weeks  (five  or  six  in  cold 
weather)  of  the  date  for  hatching.  In  shipments  made  too  late  the  shells 
burst  on  the  way  and  the  embryos  perisli.  The  method  of  packing  eggs 
at  Craig  Brook  is  to  put  them  in  layers  alternating  with  wet  sphagnum 
moss  in  shallow  wooden  boxes,  placed  in  cases  of  a  size  to  afford  on 
all  sides  of  the  inner  package  a  space  of  2^  or  3  inches,  which  is  filled 
with  some  light,  porous  material  that  will  form  a  good  nonconductor 
of  heat. 

The  eggs  are  thrown  from  hatching-trays  into  a  large  rectangular 
X>au,  from  which  they  are  poured  with  water  into  tin  measures  which 
hold  2,500  each.  A  thin  layer  of  moss  is  placed  in  the  bottom  of  a 
packing-box.  A  little  fine  snow  is  sifted  ui)on  the  moss,  and  on  this  is 
spread  a  piece  of  mosquito  netting  that  has  been  soaked  and  rinsed  in 
clean  water.  A  measure  of  eggs  is  now  poured  on  and  spread  out  and 
covered  by  folding  over  the  edges  of  the  netting,  which  now  completely 
envelops  tl^em.  Next  a  layer  of  moss  is  spread,  followed  by  snow, 
netting,  and  eggs,  as  before,  and  the  series  is  repeated  until  the  box  is 
fiiU.  The  moss  must  be  sufliciently  wet,  so  that  with  the  melting  of  the 
snow  it  shall  have  all  the  moisture  it  will  hold,  and  no  more,  as  it  is 
very  desirable  to  avoid  the  wetting  of  the  outer  packing.  If  the 
moss  is  too  dry,  the  eggs  may  dry  to  the  extent  of  becoming  indented, 
and  the  same  result  may  come  from  (;row<ling  the  moss  in  too  hard  on 
the  eggs,  though  it  should  be  x)ressed  iu  so  tightly  that  the  eggs  will 
not  slide  out  of  place  if  the  case  is  turned  for  a  moment  on  its  side. 

The  temperature  of  the  packing-room  is  below  5()o  F.,  and  packing 
materials  are  kept  in  a  place  which  is  cool,  yet  not  much  below  the 
freezing-iwint'.  Salmon  eggs  packed  as  above  commonly  go  a  three 
days'  journey  without  couipletely  melting  tiie  snow  that  was  sprinkled 
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under  the  eggs,  and  Oil  several  occasious  eggs  of  landlocked  »almoii 
have  beeu  carried  across  the  Atlaiith-,  in  prime  couditioD,  without 
repuckiiig  or  special  attention. 

The  paeking-boxes  aio  made  o1'  thin  piue  or  tir,  lli  inches  wide  and  15 
inches  long — ^-iuc)i  thick  lioiirds  being  used  lor  tlie  end  pieces  and 
4-mcli  for  the  other  parts— and  hohl  in  a  single  layer,  without  crowding, 
2,500  eggs.  The  deepest  are  -ii  inches  deep  and  take  four  layers,  or 
10,000  eggs,  in  a  box.  Toinakeupashipmeutaf  40,000  eggs,  lour  boxes 
are  piled  up  and  secured  togetlier  by  tacking  strips  of  wood  agaiost 
the  ends,  with  a  cover  on  the  upper  box,  and  this  package  placed  iu 
the  case  Tor  i  shipment  fSOOOO  t\o  ot  the  40  000  packages  are  put 
side  I  y  sidt  i  i  larger  c  &l  i  I  the  ]  r  |  i  ti  i  bclected  for  the  inner 
boxes  are  su  h  th  t  the  c  sereiu   cd   ^    1    o     eiicntfortn 
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Uittbrent  mosses  ciiti  be  used  for  packing,  but  none  are  so  good  as 
the  spbagnous  moss  that  can  be  found  in  swamps  and  bogs  in  most 
regions  of  high  latitude  or  considerable  elevation.  Fresh  moss  is 
preferable  for  a  bed  lor  tlie  egg.s,  though  dead,  dry  moss  may  be  moist- 
ened and  used  with  good  results. 

The  moss  is  gathered  in  August  or  September,  dried  on  the  ground, 
and  stored  in  sacks  or  in  bulk  until  wanted.  It  retains  its  fi^shness 
through  the  following  winter,  not  heating  like  most  organic  materials. 
It  is  exceedingly  light,  and  the  best  nonconductor  known,  with  the 
possible  exception  of  asbestos.  It  is  used  dry  in  the  outer  |>acki)ig 
mainly  to  save  weight,  but  when  protection  against  freezing  is  all  that 
is  sought,  wet  moss  is  better,  as  frost  penetrates  wet  iiioss  more  slowly 
than  dry.  When  moss  can  not  be  liad,  there  are  many  substitutes 
which  may  be  used  for  the  protective  envelope,  such  as  diy  forest 
leaves,  chaff  from  a  haymow,  ciiopjied  hay,  or  even  iiiimpled  paper; 
but  tlie  latter  should  not  be  aHowed  to  become  wet. 
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HATCHING. 

As  the  time  for  hatching  draws  near,  the  eggs  are  phieed  on  trays 

provided  with  legs  or  some  otlier  8iipi)ort  to  keep  theui  up  from  the 

bottom  of  the  trough.     Brass  nails  driven  into  the  under  sides  of  the 

tray  rims  are  good  temporary  legs,  and  after  the  hatching  is  over  they 

are  readily  removed  and  the  necessity  ol'  a  special  set  of  trays  for 

iiatching  is  avoided.     When  there  are  plenty  of  troughs,  these  trays 

stand  singly  on  the  bottom  of  the  trough,  but  wlien  it  is  necessary  to 

economize  room  two  or  even  three  are  disposed  one  above  another. 

When  no  necessity  exists  for  economy  of  space,  4,(HK)  eggs  are  allowed 

a  whole  trough,  which  is  at  the  rate  of  400  to  the  square  foot;  2,000 

or  even  5,000  to  the  square  foot  may  be  carried  through  hatching  and 

the  entire  sac  stage,  but  the  latter  number  involves  risky  crowding. 

The  batching  is  sometimes  expedited  by  giving  eggs  that  are  just  at 
the  hatching  point  a  decided  shock,  similar  to  that  given  at  an  earlier 
date  to  kill  the  unimpregnated  ones;  also  by  the  temporary  stoppage 
of  the  water  supply.  But  at  Craig  Brook  it  is  the  custom  to  lay  the  eggs 
out  in  good  season  and  allow  them  nnlimited  time  in  which  to  hatch, 
sometimes  a  week,  sometimes  two  weeks.  The  earliest  lots  commonly 
hatch  the  latter  part  of  March,  and  it  is  not  often  that  any  remain 
unhatcbed  after  Ai)ril  20.  The  mean  duration  of  the  agg  stage  is 
therefore  about  157  days,  during  which  the  mean  temperature  of  the 
water  has  been  ab<mt  37°  F.  While  hatching  is  jnogressing,  the  outlet 
sei'eens  are  closely  watched  to  keep  the  empty  shells  from  clogging 
them  up;  for  when  a  considerable  i)art  of  the  screen  is  clogged  the 
ft>rce  of  the  current  through  the  open  spai'es  is  gieatly  increased,  and 
the  soft  and  yielding  sacs  of  the  tlsh  are  liable  to  be  drawn  through 
the  meshes. 

THE   SAC   STAGE. 

When  the  shell  breaks,  though  it  has  been  coiIe<l  uj)  in  a  space  less 
than  4  inch  in  diameter,  the  trunk  of  the  newly  hatched  salmon  at  once 
straightens  out  to  a  length  of  about  :l  inch.  The  yolk,  scarcely  dimin- 
ished from  its  original  size,  hangs  beneath  and  constitutes  the  greater 
part  of  the  balk  of  the  fish.  The  young  salmon  is  for  a  while  more 
nnwieldly  than  a  tadpole.  When  frightened  he  sculls  about  with  great 
energy,  bnt  makes  slow  progress  and  is  fain  to  lie  on  his  side  on  the 
lK)ttom  of  the  trough  or  crowd  with  his  roin])ani(ms  into  a  corner.  The 
sac  is  a  store  of  nutriment,  which  is  gradually  absorbed  into  the  otlier 
parts  of  the  fish;  and  so  long  as  it  lasts  the  young  salmon  will  not  eat. 
The  interval  between  hatching  and  total  absorption  <»f  the  sac  varies 
with  the  temperature,  the  mean  at  Craig  Brook  in  April  and  May  being 
about  six  weeks. 

As  time  passes  the  embryo  fish  grows  more  and  more  to  resemble  the 
adult)  his  body  acquires  strength,  and  his  tins  assume  form  an<l  become 
more  effective  as  organs  of  ])ro]iulsion.    At  last  his  digestive  system 
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assameH  ite  ftanctiouH  and  rouaeB  the  desire  tot  Ibod.  Until  this  time, 
intent  only  on  hiding,  the  try  hare  clung  obstinately  to  the  bottom  and 
to  the  darlc  oomen,  but  noT  they  scatter  aboat  thioogb  the  water, 
iritb  heads  npstream,  watching  fin*  prey.  This  indieatea  that  th«y 
must  be  feil.  During  tbie  period  of  his  growtii  it  is  simply  neeeeeaiy 
to  see  that  the  young  fish  has  plenty  of  vater,  tiiat  there  is  no  bole  cr 
oreTice  into  which  he  can  be  drawn  by  the  oarrent,  and  that  he  ia  pro- 
tected fVoni  eneniieB,  snch  as  large  fishes,  minks,  rats,  fcingflshew,  aad. 
herons.  If  not  in  a  honee,  well-fitting  covers  most  be  provided  to  thft 
tronghs  and  impassable  screens  command  bdth  ends.  The  sareens  ha 
of  fine  wire-cloth,  12  or  14  mesbes  to  the  linear  ineh,  and  present  a  mr- 
foce  of  14  square  inohoH  to  each  gallon  of  water  passing  tiiroogfa  than 
each  minate.  Thns,  if  there  are  4  gallons  of  water  passing  throngli  the 
bongh  each  minnte  the  portion  of  the  screen  beneath  the  snr&oe  of  the 
water  mnst  measnre  as  much  as  56  square  inches,  and  if  the  screen  is 
12  incbes  wide  the  water  moat  be  4|  inches  deep  on  the  screen. 


Atlantic  ijoliuoit,  recoutly  hatched. 


BEAUING. 

The  leading  feature  «if'tli«  work  of  the  station  is  the  rearing  of  fty  to 
the  age  of  »tx  or  eight  itioiitLs.  The  lishes  reared  are  mainly  Atlantic 
salmon,  but  landlockoil  salniim,  Ainencan  bniok  trout,  European  brook 
trout,  rainbow  trout,  Kttielhea<l  trout,  Auieric-au  lake  trout,  Swiss  lake 
trout,  Scotch  Kca  trout,  and  Kiiibliiig  have  also  been  handled.  The  flab 
are  fed  wholly  ou  artiiicial  food  fn>m  about  June  1  till  October  or 
November,  when  thoy  are  nio»tly  liberatul.  To  a  limited  extent  they 
are  ke]>t  in  artiiicial  ponds,  but  tronghs  of  the  same  form  and  dimen- 
sions as  those  already  deMti-ilied  for  uHe  in  developing  the  eggs  and  in 
hatchiiit;  have  given  satisfuetory  results  and  have  been  adopted  for  the 
most  part.  Each  trough  is  provided  with  a  changeable  ootlet  screen 
and  below  the  screen  discharges  the  wiitJ.T  through  a  hole  in  the  bottom, 
into  wliicli  ia  fitted  a  hollow  plug,  the  height  of  which  determines  the 
depth  of  nater  in  the  trough.  The  hollow  plug  playa an  inii>ortantp»rt 
in  the  daily  cleaning  of  the  trough,  which  will  be  referred  to  furthei'  on. 
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tt  the  ttong'h,  hinged  to  its  sides,  and,  when  closed,  assuminf;  the  roriii 
tf  ft  roof  at  an  angle  of  45°,  were  Anally  ado[>ted.  These  covers  are 
made  of  thin  boards,  g  inch  thick,  sawed  in  narrow  i>ieces,  which  are 
pot  together  ho  as  to  leave  in  each  corner  two  crucks  open  \  inch  wide 
for  the  admission  of  light  when  the  covers  nie  tilosed.  When  o[>eii  they 
uy  be  flxed  iu  an  apright  position,  thtis  increasing  the  height  of  the 
■ides  and  guarding  against  the  loss  of  fish  by  jumping  out. 


TroiiRhs  arraiiKu.1  fo 

Itt'a 

in«. 

ng.1.  pUn.    Fli.  I.  loneltDdlnil  •cctlon.     t-i);.  :>, '-r.... 
rltb  racklnc  gate.    Pig.  i,  elsTailon  »e  I<>«>-t  cud. 

..«..i 

a,.<>pp)ytrOBgb. 

e,  rocking  gato. 
rf.  npplrplp.. 

.  h..n, 

iRnPr 


Wat«r  is  fbroished  through  rubber  in-  wooden  pipes  %  inch  in  diiinie- 
ter,  and  the  bore  of  the  hollow  plug  ut  the  outlet  is  l\  inch  or  larger. 
TOe  inflow  is  regnlateil  by  an  oscillating  or  rocking  gate,  which  ih  set 
to  admit  the  desired  volume  of  water.  Tiie  trough  is  set  with  the 
apper  end  an  inch  or  two  hi^rher  than  the  other,  to  facilitate  cleuniog 
ODt,  and  the  vater  is  kept  during  tlie  summer  about  1  inches  deep  at 
the  lower  end. 
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The  truuglis  are  supported  by  a  aoitsble  ftwnework  at  a  conTeuient  ■. 
height  fh>in  the  gronnd  aud  arranged  In  pairs  with  their  beads  against  ^ 
a  long  I'enl- trough,  <M)nBtTiicted  of  pine  boards  and  perforated  on  the« 
side  by  tlie  feeil-pipes,  over  eiich  of  which  is  a  capacions  ocreen  to  pre-  ~ 
vent  clogging  by  leaves  or  other  floating  debris.    A  &ame  6  by  ISa 

inches,  covered  on  its  outer  side  by  vire-oloth  of  ^  inch  square  mesh 

iiii»werB  the  purpose  of  a  screen  so  well  that  water  from  an  ordiuarj:^ 
brook  t-aii  be  ndmitted  to  the  feed-trough  without  previous  Altering  o^ 
screening  nnd  with  little  or  no  danger  of  a  stoppage  of  water  in  an^^ 
of  the  ttsh-trougliB.  Such  screens  over  the  feed-pipes  might  be  mad^ 
the  sole  dependence,  were  it  not  that  the  labor  attending  their  cleanins" 
would  be  greater  than  that  required  by  a  separate  filter  or  s 


iiiiiloi'l'iKiiuliHlorl. 


Salmnu. 


TIic  svstcin  rc|in'si'titeil  lit'iv  by  1-  tiniighs  in  two  series  may  be 
cxlriiik'd  t(i  niiiiiy  Iiiiiiilrcils  iif  trniiglis  in  lour  (or  more)  aeries,  each 
sericfi  <>u  ii  iliiron-nt  level  ami  receiving  water  from  the  series  next 
iihnvo.  tlie  tall  from  inie  to  aimthei'  doing  iiliout  4  feet.  In  the  drawing 
Hie  series  of  I!  troughs  cm  tlii'  left  is  8ii|itilie<l  with  water  directly  fh>m 
Hie  ujiiH'i-  '-fewl-tiniifili"  (i.  e..  sinijily  trough),  and  they  discharge  into 
a  calelitioiigh.  from  ivliieh  the  water  is  carried  to  the  supply-trough 
("fei'd-troiigh")  ()f  the  liiwcr  level.  If  the  aijueduct  supplies  more 
water  than  the  upiier  series  of  troughs  can  use,  the  surplus  passes  by 
way  t)f  tlic  '*  overllow '■  divwrly  t"  ihe  catehtroiigli  and  thetice  to  the 
8U]>]ily  trough  of  the  second  seiies.  With  a  fiill  of  4  feet,  the  cat<5h- 
trongli  and  the  eondiiitH  that  lead  from  it  arc  below  the  walks  which 
give  aeiess  to  tlici  f  roughs  on  l>oth  sides  and  at  the  lower  end. 

The  number  of  lisli  assigned  to  a  single  trough  is  ordinarily  2,000, 
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intocondaitB  leading  to  ponds  wLere  larger  fish  are  kept;  bnt  a  staud  of 
100  trooghs  lias  lately  been  set  iij)  with  the  design  of  using  till  the 
water  twice;  and  for  many  years  there  has  been  one  system  of  62 
troaghs,  arranged  in  four  series,  which  use  in  snecession  the  same 
water,  the  young  salmon  thriving  quite  as  well  in  the  fourth  series  as 
in  the  first. 

On  one  occasion  a  few  of  them  were  maintained  for  several  weeks  in 
the  warmer  water  of  a  neighboring  brook,  wIutc  a  trough  was  set  up 
and  stocked  with  100  young  salmon  taken  from  one  of  the  troughs  at 
the  station  July  30.  The  temi>eratures  observed  between  1  and  4  p.  m. 
in  the  fish-trough  on  suc(»essive  days  from  July  M)  to  August  14,  not 
including  August  1  or  10,  were  as  follows:  7!^,  75^,  77o,  79^,  82^,  8i>o, 
780, 760,  760,  70^,  74o,  74o,  74^,  74^ ,  F. 

The  fish  were  fed  the  same  as  the  lot  out  of  which  they  were  taken, 
except  that  they  received  food  only  once  a  day  instead  of  twiee,  and 
were  returned  to  the  station  October  7  with(mt  a  single  loss  during  the 
^periment.  Moreover,  they  were  all  weighed  October  10  and  tbund 
toaverage  100.6  grains,  while  those  of  the  original  lot  that  had  remained 
at  the  station,  with  a  temperature  between  ."io  ^  and  71°  F.,  averaged 
only  56.1  grains.  While  the  greatly  increased  weight  of  the  tish  kept 
in  the  stream  was  owing  in  part  to  more  si)a(<\  as  the  loo  had  as  large 
a  trough  as  1,505  at  the  station,  the  higher  temperature  was  undoubt- 
edly one  of  the  factors  that  contributed  to  the  gain  in  weight,  and  it  is 
at  least  plainly  shown  that  the  warm  wafer  was  not  unhealthful. 

Though  small  ponds,  excavated  by  the  former  ])roprietor,  were  in 
existence  at  the  station  and  used  to  somt*  extent  for  rearing  young  tish 
in  their  first  summer  as  far  back  as  ISSS.  and  older  Jish  have  been  kept 
in  small  ponds  each  season  since  that,  it  was  not  until  1890  that  enough 
pond  work  was  done  to  furnish  data  of  iin])ortance. 

The  ixmds  for  rearing  Atlantic  sahnon  are  among  the  series  known 
as  the  "south  ponds,"  oc(Juj>ying  a  smooth  jacce  of  ground  sloping 
toward  Alamoosook  Lake  at  a  grade  of  1  in  8.  I'ormerly  it  was  mostly  a 
swale^  watered  by  a  copious  spring  at  its  head.  This  series  eomi)rises  10 
ponds  of  rectangular  form,  about .")()  to  90  feet  h)ng  and  I.")  feet  wide,  with 
adepth  of  2  or3  feet.  The  water  siipi)ly  of  those  nscd  for  Atlantic  sal- 
mon is  derived  from  Craig  Brook  by  an  a((uedurt  tai)])ing  it  at  a  point 
where  two  parts  of  Craig  Pond  water  are  nnngled  with  one  ]»art  spring 
water,  being  substantially  the  same  as  tlu^  water  sni)plying  the  most 
of  the  rearing-troughs.  From  5.(MM)  to  lo.ooo  tish  that  have  been  fed  in 
troughs  during  the  early  part  of  tlie  feeding  season  are  jdaeed  in  each 
poud,  and  for  the  remainder  of  the  s<*ason  are  fed  the  same  food  that  is 
given  to  the  fish  left  in  the  troughs:  and  the  results  indieate  that  the 
stock  of  fish  might  be  safely  increased. 

While  the  greater  part  of  the  salmon  reared  at  Craig  Drook  are 
liberated  in  October,  wOien  about  seven  montlisohl,  in  1  si) !-<):»  about 
IWKK)  were  carried  through  the  winter,  most  of  them  in  taidvs  sunk 
in  the  ground,  and  nearly  as  many  have  been  wintered  scuue  otUev 
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seMons.  Fish  may  alao  be  heipt  all  winter  in  toonglis  in  the  opan  ^r 
by  oooasionally  spreading  blankets  over  them  in  ezeeptionally  «oU 
weather,  and  keeping  the  condnits  careftdly  eovered. 

The  fish  surviving  the  snmmer  season  are  generally  coontsd  ml 
weighed  in  October,  in  the  followjng  manner:  A  large  number  of  thmi  1 
are  dipped  up  firom  a  trough  in  a  small  dip  net  made  of  cheese-eMi, 
and  ih>m  this,  while  it  is  hanging  in  the  water  in  such  a  mMinor  i^ 
the  fish  can  not  escape,  they  are  dipped  out  a  few  at  a  time^  in  a  smB 
dipper  or  cup,  counted,  and  placed  in  another  bag  net  until  a  saflleiBrt 
number  (generally  200)  are  counted,  when  they  are  lifted  out  €i  tts 
water,  held  a  moment  in  the  air  to  drain,  and  all  turned  quicklj  istt 
a  pail  of  water  which  has  previously  been  weighed.  With  can  bo 
appreciable  amount  of  water  goes  with  the  fish,  and  the  increase  in  fts 
reading  indicates  their  weight  with  a  fair  approadi  to  acourai^,  «id 
with  care  and  celerity  of  action  it  is  quite  safe  for  the  fish. 

The  size  attained  by  the  fish  varies  greatly,  being  alfeeted  by  the 
water,  the  space  allowed,  the  feed,  and  perhaps  by  hereditary  infloeiMM; 
but  when  seven  months  old  a  trough-reared  salmon  is  generally  fkem 
2}  to  3  inches  long  and  weighs  from  36  to  100  grains,  the  maximum  bdog 
about  130  grains  and  the  minimum  as  low  as  7  grains,  the  genscd 
mean  for  189G  being  45.8  grains.  Salmon  reared  in  jmnds  have  been  flir 
more  thrifty,  their  general  average  in  1896  being  101  grains.*  Tkb 
losses  in  ponds  fh)m  July  to  October  were  rather  heavy,  being  11.7  per 
cent,  owing  to  depredations  of  frogs,  birds,  and  cannibal  fish.  Ike 
losses  in  the  troughs  during  the  entire  season  were  9.1  per  cent,  bat 
most  of  these  were  in  the  early  stages  of  fry  hood.  Aftw  July  losses  in 
troughs  are  always  very  ligbt. 

MATERIALS  FOR  FISH  FOOD. 

At  Craig  Brook  station  there  have  been  used  butchers'  offal,  flesh  of 
horses  and  other  domestic  aninials,  fresh  lish,  and  maggots.  Experi- 
ments have  also  bc^en  made  with  iiickled  fish,  blood,  fresh-water 
mussels,  mosquito  larvn^,  miscellaneous  a<|uatic  auimals  of  minute  sLee, 

"A  very  interesting  comparison  between  the  results  of  rearing  in  trongbs  and 
ponds  is  afforded  by  the  reconl  of  two  1ot«  of  steelhoad  trout  during  the  season  of 
18%.  All  the  fry  of  thin  s))ecies  that  were  devoted  to  rearing  were  f<Ml  in  tron^i 
until  July  21.\  wiion  Honie  of  them  were  transferred  to  a  pond  which  has  an  area  of 
about  1)100  square  feet  and  another  lot  was  kept  in  a  trough.  The  two  lots  were  fod 
exactly  alike,  about  one-sixth  of  their  nutriment  bein^:  Hvo  naaggots,  and  five-aixtlit 
chopped  meat,  liver,  and  other  butchers'  otVal.  November  7,  the  lot  in  the  trough 
was  overhauh'd,  and  the  7H2  survivors  found  to  weigh  10  jiounds  4  ouncee,  or  ao 
average  of  94  grains.  Three  days  later  the  pond  tish  wore  seined  out  and  the  7,398 
8ur\'ivors  found  to  weigh  235  pounds  10  ounces,  an  average,  of  223  grains.  It  ia  not 
believed  that  natural  food  occurring  in  the  pond  contributed  much  to  this  resoltyand 
it  would  ap]>ear  that  the  controlling  factor  in  the  case  was  the  space  afforded  the 
fish.  Leaving  out  of  the  account  the  diilerence  in  depth,  in  the  pond  there  were  len 
than  7  tish  to  each  sfjuare  foot  of  area,  while  in  the  trough,  Avuich  had  an  area  of 
about  11  square  feet,  there  were  to  each  square  foot  69  Ash.  A  similar  illusloration 
was  fiirniHued  by  41  rainbow  trout  of  the  hatching  of  18d6  that  got  astray  in  one  of 
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floor,  and  middlings.  Tho  batchers^  oft'al  comprises  livers,  hearts,  and 
ligbts,  which  are  collected  from  the  slaug1it<*r-h()iises  twice  or  tlirice 
weekly,  and  preserved  in  refrigerators  until  used. 

The  flesh  of  old  and  worn-out  horses  lias  been  used  each  year  since 
1892  in  the  same  way  as  the  but<;hers  otfal,  with  very  satisfactory 
remits;  the  parts  that  could  be  chopped  readily  have  been  fed  direct 
to  the  fish  so  far  as  needed,  and  other  parts  have  been  used  in  the 
rearing  of  maggots. 

Next  to  chopped  meat  maggots  have  constituted  the  most  important 
trtide  of  food,  and  their  systematic  inoduction  has  I'vceived  mucii 
atteotioD.  A  rough  wooden  building  has  been  erected  for  this  branch 
of  the  work,  and  one  man  is  constantly  employed  about  it  durin^ir  the 
Bummer  and  early  autumn  months.  The  maggots  thus  far  used  are 
exdosively  flesh-eaters,  mainly  those  of  two  nn<letermined  si)ecies  of 
Hies;  the  first  and  most  importiint  being  a  small,  smooth,  shining  green 
or  bluish-green  fly,  occurring  in  early  summer  and  renniining  in  some- 
what diminished  numbers  until  October;  and  the  other  a  large,  rough, 
stedblue  fly  that  comes  later  and  in  autumn  becomes  the  predomi- 
nating  8i)ecies,  having  such  hardiness  as  to  continue  the  reproduction 
of  its  kind  long  after  the  occurrence  of  frosts  sulli(*iently  severe  to 
freeze  the  ground. 

To  obtain  maggots  meat  is  exi)osed  in  a  sheltered  location  accessible 
to  flies  during  the  day.     When  well  stocked  with  the  sjKiwn  of  the  Hies 
it iH placed  in  boxes,  which  are  set  away  in  the  *•  tly  house"  to  develoj); 
^hea  fully  grown,  the  maggots  are  tnken  out  and  fed  ul  oncre  to  the  lisli. 
Stale  meat,  parts  of  the  butchers' olfal  and  of  the  horse  (carcasses  not 
•dapted  to  chopping;  fish,  fresh,  dried,  or  pickled;  fish  jminace  from 
herring-oil  works,  and  any  animal  refuse  that  conn's  to  hand,  are  used 
toeQtico  the  flies  and  aflbrd  nourishment  for  the  maggots.     Fresh  lish, 
when  not  too  watery  or  oily,  like  alewives  and  Inuring,  is  very  attract- 
ive to  the  flies,  and  in  proper  condition  may  serve  as  well  as  fresh  meat. 
Fish  dried  without  salt  or  smoke  and  moistened  befon*  using  is,  when 
fi^  from  oil,  a  superior  article.     Its  preparation  presents  some  dilli- 
ealties,  but  in  winter  it  is  easily  elfected  by  impaling  whole  lishes  on 
sticks  and  hanging  them  up  under  a  roof  wliere  they  will  be  protetrted 
fh)m  rain  without  hindering  the  circulation  of  tin*  air:  in  (his  wmv 
many  flounders  and  other  refuse  tish  from  the  snn*lt  lisheries  have  been 
dried. 

It  is  usually  necessary  to  expose  meat  but  a  single  day  to  obtain  sul- 
flcient  fly  spawn;  the  larva*  are  hatched  and  ;ieiiv«*  \\\r  next  day,  except 
in  cool  weather,  and  they  attain  their  lull  growth  in  two  or  three  days. 
To  separate  them  from  the  remnants  of  food  the*  nieiit  bearing  the  lly 
spawn  is  i>laced  on  a  layer  of  loose  hay  or  straw  in  a  box  whieh  has  a 
wire-cloth  bottom,  and  which  stan<N  insi<le  a  slightly  hirgei-  box  with  a 
tight  wooden  bottom.  When  full  grown,  the  maggots  woik  their  way 
down  through  the  hay  into  the  h)wer  box.  where  tiny  are  found  nearly 
free  from  <lirt. 

t.  M. 4 
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When  youDg  ftiklmon  or  tront  first  begin  to  feed  they  are  qafte  DDablr 
to  nwallow  falll-(n!t>wii  maggots,  aud  Hmall  ooes  are  obtained  for  tbeu  by 
imttiitg  ft  lai'ge  (jiiaiitity  nf  fly  Kpawn  with  a  small  qoantity  of  ment, 
tlie  remiU  being  tlint  tlie  innfr^tH  ro<iii  begin  to  orowd  each  otlier  and 
the  BiirpliM  is  worked  i>tt'  into  the  lower  box  before  attaining  great  site. 
X<>  attempt  is,  however,  miule  ta  induce  the  yoaog  Bsh  to  BwallowereD 
the  smallest  maggots  niitil  they  have  been  fed  a  vhile  on  chopped 
liver. 

Maggots  are  produced  aud  used  in  considerable  numbers,  sometiiDes 
OK  iniiiiy  as  a  bnsliel  in  a  day.  The  fish  oat  them  eagerly,  and  apptm 
to  thrive  on  them  lietter  than  on  de.i<l  meat  Having  great  tenacityof 
lirv,  if  not  xnapiied  up  imme<liutcly  by  the  Ush  they  remain  alive  fer  a 
day  or  two,  nnd,  as  they  wriggle  about  on  the  bottom,  are  almost  oa- 
tniu  to  lie  finally  eaten,  whicli  is  a  great  gain  in  cleaDlioess  and  economy, 
as  tlie  particles  of  dead  tiesli  fulling  to  the  bottom  are  largely  neglected 
by  the  HbIi  and  begin  to  putrefy  in  a  few  hours  and  foul  the  trooghs. 
As  the  gniwth  of  maggots  can  lie  controlled  by  regulation  of  the  tem- 
I)eniture,  they  may  be  kept  all  winter  in  a  pit  or  cellar  and  nsedasfeod 
for  Itsli  confined  in  deep  tanks  not  easily  cleaned. 

In  the  rearing  of  mjiggota  the  offensive  odors  of  decaying  flesh  may 
bo  partly  overeome  liy  putting  it  awny  in  boxes,  after  the  visits  of  the 
flicH,  and  covering  it  with  luilverized  earth.  Only  flesh-eating  maggot* 
have  yH  lieen  tried,  iind  the  tmnble  may  possibly  be  rectified  by  cnlti- 
vtiting  the  hirvu'  of  othoi'  species,  such  uh  the  house-fly,  the  stable  fly, 
ell',,  or  a  little  nliitc  ]iia;;;:iir  known  to  grow  in  heaps  of  seaweed,  if 
tlii-ir  rail'  nf  ^-ruwtli  is  found  to  be  satislactory. 

()r»asi<)n;il  iisoliasln'cii  iii;i(U'ot' tivsli  tisli  I'Dr diritrt feeding, bnt  when 
tliniivii  into  tlii'  wntir  al'ti'i'  ilioppin;;  it  breaks  up  into  fibers  to  such 
an  extent  lliat  il  i>;  not  satisl;ii|ory,  nnless  in  a  eoarsely  chopped  form, 
lor  the  fi"»I  <ir  liiijfi'  lisli,  A  l\-w  hariels  ol"  salte<l  alewivea  have  been 
used,  and.  ilHcH  soiiked  >iiit  ;iti(l  iluijiptil.  they  are  readily  eaten  by  the 
liutrer  tJMh  and  eaii  lie  tei]  to  I'ry.  but  jirele.ss  aatisfaetory  with  the  latter, 
ami,  liNe  fresli  Hsh,  break  up  to  sneliaii  ostent  that  they  are  only  to  be 
i-e^'ariled  iis  one  of  llie  la.-t  reworrs. 

Fri'sliwater  imis-iels,  beloiifiin;,'  almo.st  wholly  to  a  species  of  Vnio, 
have  been  oiriisinnnlly  ;;allieLcil  wiili  nets  oi'  dredges  in  the  lake  close 
lo  (lie  station  and  oiiciied  willi  kTiives  and  ehopiHMl.  The  meat  is 
reailily  eaten  by  all  fislies  and  a]>pears  to  lorm  an  excellent  diet.  It  is 
more  buoyant  than  any  other  article  trieil,  sinks  more  slowly  in  water, 
and  trlvos  the  lisli  nnire  time  to  sot/.e  it  belore  it  reaches  the  bottom; 
bat  till'  labor  involved  in  dredt^iiig  and  shelling  is  a  serious  drawback. 

I  Mirint:  the  flcasons  of  IxS'i  and  ISSS  some  use  was  made  of  mosquito 
larva,  eolleeted  I'roni  inmls  of  swamp  water  by  means  of  a  set  of  strain- 
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more  eagerly  devoured,  and  apparently  no  other  food  lias  contributed 
more  to  the  growth  of  the  fish;  but  tho  time  oxi»ended  in  collecting  is 
out  of  all  proportion  to  the  quantity  of  food  secured.  Perhai)R  a  series 
of  breeding-tanks  arranged  in  proxinnty  to  the  fish-troughs,  into  which 
the  water  containing  the  larva*  might  be  drawn  when  desirable  by  the 
simple  opening  of  a  faucet,  would  reduce  the  hibor  involved. 

Middlings  and  tiour  have  been  tried  in  combination  with  blood  from 
the  shambles,  but  did  not  appear  to  satisfy  the  iish  so  well  as  the  vari- 
ous forms  of  meiit,  and  their  use  has,  therefore,  not  been  continued. 
They  were  fed  in  the  form  of  a  pudding  composed  of  two  parts  blood 
and  one  part  Hour  or  nii<ldlings,  cooked  carefully  to  avoid  buining, 
and  the  mixture  was  then  ]»asse(l  through  a  meat-chopper  and  ladled 
out  with  a  8{K)on,  like  other  choi)ped  food. 

The  growth  of  live  food  in  the  i)i»nds  themselves  in  which  the  Iish  jire 
maintained  has  been  the  subject  of  study.  Ponds  several  years  old 
and  well  stocked  with  vegetation  were  at  one  time  devoted  to  these 
exjieriments.  They  had  been  empty  during  the  preceding  winter,  and 
in  the  spring  were  fertilized  with  various  sorts  of  animal  and  vegetable 
refuse.  They  were  stocked  with  diifereiit  s])ecies  of  crustactea  native 
to  the  region,  including  shrimps  (Gammarint)  and  entomostraca,  of  the 
genera  Daphnia^  Cerwdaphnia^  Sida,  Cyclops^  PobjphvmvH,  etc.,  which 
were  systematically  <'ollected  from  open  waters  by  nets  and  other  ap]»a- 
ratns  and  placed  in  the  ponds.  These  forms  all  multiplied  there,  some 
of  them  enormously,  but  no  means  was  (bund  of  inducing  continuous 
or  frequent  reproduction  of  them,  and  the  young  Iish  soon  exhausted 
the  8up]>ly. 

In  serving  the  foo<l  the  attendant  carries  it  with  the  left  hand — in  a 
2-qnart  dix)per  if  chopped  meat,  in  a  larger  vessel  if  maggots — and, 
dipping  it  out  with  a  large  spoon,  strews  it  the  whole  lengtli  of  the 
trough,  being  careful  to  put  the  greater  portion  at  the  head,  where  the 
fish  nearly  always  congregate.  Fiiu*ly  chopped  Ibod,  for  very  young 
fish,  is  slightly  thinned  with  wat<»r  before  feeding. 

It  is  usual  to  feed  the  meat  raw  except  the  ligiits,  which  choj)  better 
if  l)oiled  first;  but  oc<*asional  lots  of  meat,  on  the  imiiit  of  becoming 
tainted,  are  boiled  to  save  them.  All  nnnits  \\h\  directly  to  the  (ish  are 
first  x)assed  through  a  chopping  ma(?hine.  To  fish  Just  beginning  to 
eat,  food  is  given  four  times  a  day,  or  in  somecasi's  even  six  times,  but 
as  the  season  ])rogresses  the  number  of  rations  is  -radually  reduced 
to  two  daily.  In  winter  such  Iish  as  are  carri(Ml  through  are  Wi\  but 
<mee  a  day. 

(^LEANING   Till':    TUOlCfHS. 

The  troughs  are  all  cleaned  daily.  When  th<'  hollow  pluir  is  drawn 
the  water  rushes  out  rapidly  and  cariies  mo>t  ol  tl»e  debris  against  the 
screen.  The  fishes  are  excited,  and,  scurrying  about,  loosen  nearly  all 
the  dirt  from  the  bottom:  wlmt  will  not  otherwi-e  yi(»l(l  is  started  with 
a  brush,  but  after  the   first  few  weeks  the  brush   has  larely  to  be  usi'il 
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except  Uj  ml)  the  clobris  through  tho  outlet  sBreon.  Owing  to  the  itn-li- 
nntioii  of  Ilt«  trough,  the  nratcr  rect-deo  &i>m  tho  upiterPiid  until  the 
tiehivt  lying  tlieve  are  itlmoHt  wliotly  ont  of  irater,  bat,  oltliouji)!  tbey  are 
left  in  thiU  iioiiition  tiotH«(liii«8  for  10  or  15  nttnutus,  no  hnnu  lias  ever 
been  ktumn  t^i  rosult. 

TKANSPOItTATlOX  AXT>  LIBKBATION  OF  TOirHti  iULMON. 
Tbc  salmuu  |iroiluo<»!  at  the  station  have,  with  f«w  exet'ptionK,  bc«n 
liberated  in  tbo  PeuobM-ot  Kiver  or  Hh  tributnrieR,  niul  motv  tban  W 
per  (rent  of  thoiu  in  ainall  tiibitturii'H  within  10  mi\r»  of  the  »lHtion. 
Tbey  have  boon  ^itnuul  nbout  In  KtreiunH  atiil.  lake*,  at  all  a««vsstbli< 
points.  Tliey  are  transfern-d  in  tin  cans.  Iiohling  nbmit «  gallons,  with 
an  extreme  height,  including  neck,  nf  IT  or  IS  inches,  and  a  tHKty  IC4 
inches  in  diain«l«r  and  10  lncbe»  deep,  making  n  very  brand  and  li»w 
can,  well  odnptMl  to  the  nite  to  wUloli  it  Ik  put.  Il«  grtitit  width  fartirs 
(wratjon  ut  the  snrfavH,  and  a  gtK>d  deal  of  datthing  ntraat  uf  the  water 
when  on  th(^  road.  Tbv  cans  aro  tilh-d  (o  williiii  about  nn  iuch  (roin  tbe 
shoulder,  giving  opportunity  for  tlie  wnter  to  swash  about  and  ueifi^e 
Itself.  Into  flueh  a  i^au  are  put  Hront  200  to  JOli  Atlantic  salmon  aeven 
mouths  old,  more  or  li^ts,  according  to  the  siiie  nf  the  Bsb,  the  tempem- 
ture  of  the  air,  ami  the  weather.  Tlie  ordinary  ItMul  is  abmit  .KHI  when 
the  tonipwivhire  of  Die  water  lo  Oa^to  W  P.,  making  37  fish  perjiiallon. 
Such  loads  are  entin>ly  ^afo  for  tlit'  condillous  atti-iiding  tbe  work. 
The  motion  of  tlie  wagon  in  which  tbey  ar«  carried  keeps  up  the  aera 
tion  of  till!  water,  so  tluit  tbe  fish  can  not  exhaust  the  air.  Should  the 
cans  Btiuid  still  n  very  long  time  aeration  is  effected  by  a  fon-e-pump 
which  draws  the  water  from  the  can  and  returns  it  through  a  tnlw  so 
thnt  it  strikes  upon  a  detlector  by  which  it  is  broken  and  scattered  in 
spniy.  The  suction  hoxe  is  coveriHl  with  a  r(K>my  wire  strainer,  so  that 
the  flsii  lire  not  drawn  in. 

DISEASES. 

Salmon  in  nil  their  stages  of  growth  ore  subject  to  a  vnriety  of  dis 
cuMGS.  White  BiHits  sometimes  occnr  on  tbe  eggs  attached  to  tbe  tihell, 
but  have  no  hold  on  the  embryos,  ho  that  when  the  shell  Is  torn  off  the 
wliiti)  siHit  is  seen  iv.'<  a  chiMter  of  globular  white  mattsea  on  its  inner 
siirfiMAc.  These  itppcur  to  bo  ^■cget»ble  parasites,  perhaps  fungoid  in 
their  relations,  iind  uro  never  seriousty  nbnndant.  Other  white  sjints 
are  connected  with  the  yolk-sac  itself.  These  are  more  serinin*,  but 
while  they  result  in  the  deatli  of  nniny  embryos,  they  are  by  no  meauN 
always  fatal.  In  1890  there  were  hatclie^l  at  the  stiition  some  rainbow 
trout  llmt  were  badly  spotted  on  the  stvc.  A  portion  of  the  fry  wero 
divided  iiiUi  throe  lol«  for  vxpurimeut:  (a)  Witliout  spota;  {b)  uiodec- 
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all  weigbed,  and  it  was  found  that  lot  r  had  niadt'  a  wli^htly  better 
growth  than  lot  a. 

One  of  the  most  uncontrollal>le  diseases  attaeks  salmon  fry  midway 
in  the  sjic  stage,  and  finishes  its  work  before  the  complete  absorption 
of  the  sac.  The  most  evident  symptom  is  the  appearance  of  scattered 
white  spots  in  the  sac;  the  fish  cease  to  try  to  hide,  but  lie  scattered 
about  on  the  bottom  of  the  trough;  the  spots  increase  in  size,  coalesce, 
and  finally  occupy  large  areas,  especially  in  the  tip  of  the  sac,  which 
becomes  quite  white.  Soon  after  this  the  fish  dies.  The  attack  on  a 
lot  makes  rapid  progress;  for  instance,  a  lot  of  2,000  in  which,  up  to 
April  22,  the  losses  had  been  from  1  to  9  daily,  sliowed  17  dead  on  the 
23d,  and  five  days  later  3iJ0  died  in  a  single  day.  In  18U0  this  epi- 
demic attacked  especially  the  fry  of  Atlantic  salmon,  destroying  about 
a  third  of  them;  it  also  destroyed  many  landlocked  salmon,  and  some 
other  species  suffereil  heavily  about  the  same  time.  In  1891  there  was 
not  a  trace  of  it.  In  1892  it  returned  again,  and  out  of  305,35;$  fry  of 
Atlantic  salmon  it  left  but  3,874,  and  these  were  by  no  means  healthy; 
but  it  attacked  only  Atlantic  salmon.  Salt  and  mud  were  tried  as 
remedies,  but  though  the  progress  of  the  «lisease  apj)eared  in  some 
instances  checked  thereby,  no  permanent  benefit  resulted  from  their 
use. 

In  1890  this  epidemic  appeared  to  run  in  families.  There  was  evi- 
dence tending  to  show  that  all  the  eggs  coming  from  a  i)articular  mother 
would  have  a  common  degree  of  liability  to  the  disease — some  families 
being  exterminated  by  it,  some  only  decimated,  and  others  able  to  resist 
it  altogether.  It  did  not  appear  to  be  infectious,  as  several  lots  of  fry, 
sep^irated  by  screens,  would  occupy  a  single  trough,  and  in  some  cases 
those  at  the  head  of  the  trough  would  be  totally  destroyed,  or  nearly  so, 
and  those  below  them  escape  from  attack. 

The  only  other  diseases  of  Atlantic  sahnon  that  demand  notice  here 
are  connected  with  the  so-called  fungus,  belonging  to  the  grouj)  of 
water  molds  called  Saprolegnia%  and  probably  to  the  genus  Saproleijnia^ 
one  species  of  which,  S.feraa:^  is  noted  as  the  cause  of  very  destructive 
epidemics  among  the  adult  salmon  <»f  Scotch  and  English  rivers.  The 
species  that  attacks  fish  eggs  is  well  known  to  every  fish-culturist  as 
a  fine  white  growth  of  a  cottony  or  woolly  ai)pearance  that  forms  upon 
dead  eggs,  and  when  neglected  spreads  out  so  as  to  envelop  in  its 
threads  a  great  many  of  the  living  eggs  surrounding  it.  It  is  by  no 
means  certain  that  all  such  growths  belong  to  one  species  or  even  to 
one  genus,  but  they  are  much  alike  in  structure  and  growth  and  live 
upon  animal  and  vegetable  matter,  either  as  ])arasites  attacking  living 
matter  or  as  saprophytes  attacking  only  dead  and  decaying  matter. 
There  has  never  been  serious  trouble  with  this  fungus  at  Craig  IJrook 
station,  and  great  loss  from  it  can  only  occur  in  coiiscjiuence  of  neglect 
of  the  duty  of  picking  out  the  dead  eggs.  An  instance  of  its  attacking 
a  living  eg^  except  by  reaching  out  from  a  dead  one  is  unknown.    Fish 
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w>verul  uioritliK  old  ure  Bometimes  afflicted  -with  a  umflar  giowth,  vhicfa 
may  possibly  be  not  tbo  original  canae  of  th«  dueas^  bnt  only  an 
nttenilant  Kymiitom.  Such  mi  attack  was  ezpecienoed  at  Craig  BTook 
in  July,  18S8.  Tlie  fry  of  Atlautic  solmou  vera  the  safliBren  and  the 
mortality  was  considerable,  but  it  yielded  pzompfly  to  a  salt  batii. 

Tlio  occurrencu  of  fuiigas  ou  wounds,  even  on  nuh  as  rtaalt  from 
'  tlie  iibrasionof  tlie  skin  or  the  loss  of  a8cale,iaTeiTfl0ininon,bntaacli 
Hiscs  are  mrely  futnl,  though  no  remedy  be  applied.  Tbe  only  aenoiu 
attack  of  fnnf^nti  on  adnlt  salmon  ocooired  during  the  eqiraimental 
work  at  Craig  Itrook  in  1871.  The  first  inulosare  made  to  reonve  the 
breeding  flsh  was  a  Hnialland  ttballow  one,  mode  by  damming  the  brook 
ittu'lf  at  a  point  wlioro  its  roluine  consisted  of  about  30  per  oeat  of 
spring  wftter.  The  fisli  Imd  suffered  considerably  from  tbe  handling 
neceHHaiy  in  bringing  tlieni  so  far  and  from  the  roagh  eharaotar  of  the 
cxperiiiifnial  Ciim  in  whiuli  they  were  transported.  The  flnt  of  them 
were  placed  in  the  iin-loHure  Jane  8.  On  the  12th  S  of  tliem  died,  on 
tlio  13tli  2  moris  and  by  tho  ITtli  14  were  dead  ont  of  41  reodved;  by 
tlie  2(ttli  tlio  mortality  liad  iut'reased  to  such  a  point  that  it  beoanie 
evitlcitt  ttiut  nut  a  single  salmon  woald  survive  unleaa  some  change  was 
made  in  the  mode  of  coiilining  them,  and  they  were  all  removed  and 
placed  in  other  (inurteru.  Xiiie  of  them,  already  so  badly  dueaaed  as 
to  be  c(inai(lcre<l  liopelesK  vase?,  were  turned  loose  in  Oraig  Pond,  and 
part  of  those  recoveivil  and  spawtieil  in  the  autumn  following  on  a 
gi-a\'i-Ily  slioif,  wlK>n>  some  of  tliuiii  were  taken  and  found  to  bear  tlie 
wellliriilfil  si'ars  of  ilicir  n;:ly  sDrcs. 

TlH'iMiijitoinsiLolid  wcnsliijrKishm-ssaiid  heedlessness;  an  inclina- 
tioii  to  swim  near  tin-  sinlaic  of  the  water;  a  white,  filmy  appearance 

of  tl vi-:,  wliicli  siciiu'il  t<i  ln';uicoMi|>iniieil  or  followed  in  many  cases 

by  liliicliii'ss;  :i  Mliiir  riiii-i.i,i  ;;ruw(h  on  i lie  abraded  tijw  of  tbo  fins 
anil  wlii-.vver  tlie  sr;ili-s  ii;iil  Wt-u  iiiUlu'd  r.if;  white  blotches  breaking 
out  on  :ill  (larts  of  ilie  liciiiy,  t-viii  wliiie  tlieie  Jiad  been  no  mark  of 
injnry.  |iiirii<'iilarly  on  Hit-  hruil.  pi'iivin;,'  on  exaininatiou  to  be  [Mtelies 
of  wliiie  l'ini;,ais,  whicli.  oji  rli.-  parts  of  Uie  liody  covered  by  scales, 
yiew  iiii(!f'iin-;illi  llie  1:i11.t  iiiiiI  |iiis!ic.1  tlieni  tVoin  their  places. 

Kxpoririiciits  in  conliniii;;  ^alioon  in  oilier  waters  the  same  season 
turned  (uit  snin'>sriilly,  iiml  it  soenis  iliat  tlie  must  important  condi- 
tions in  tlie  cii>e  wrii-  tln'si':  I'lic  area  of  tin'  fatal  Enclosure  was  about 
a  'inartcr  "f  mii  ai-i't':  tlic  water  was  |)arl]y  I'roni  spring's  and  was  so 
t;\('ei'<lijii;'ly  triijis|iarenl  Unit  a  pin  dropped  into  it.  conM  be  readily 
seen  at  a  di-])tli  of  ll  I'eet,  so  ll:;it.  tlicie  was  practically  no  prote«-tion 
frciui  llie  rays  of  tin-  .Innc  sun:  llu-  lisli  had  been  transported  inacoin- 
nion  dory  with  holes  boi'cd  in  tln'lioMmn  to  adnitt  water,  a  very  inferior 
sort,  id'  lar  einii]iari-d  with  those  now  in  nsc;  they  bad  been  transported 


FUNGUS  ON  SALMON  EGS.   BEARING  REPRODUCTIVE  ORGANS. 


MANUAL   OP   FISH-CULTURE.  55 

The  conditions  at  Craig  Pond,  where  some  of  the  worst  cases  recov- 
ered,  wei*e  these:  An  area  of  231  acres;  a  maximum  depth  of  69  feet; 
exceedingly  pure  and  transparent  water,  like  that  of  the  inclosure. 

At  two  of  the  other  inclosnres  tried  that  summer,  where  there  was 
no  attack  of  fungus,  the  water  was  brown  and  dark,  like  that  of  ordi- 
nary brooks  and  iK)nds,  and  in  the  remaining  one  it  was  intcirmediate 
in  character. 

These  facts  point  strongly  to  the  character  of  the  water  as  the  cause 
of  the  fatality  of  the  disease,  and  especially  to  its  pellucid  character, 
which  exposed  the  salmon  to  an  extraordinary  glare  of  light,  whereby 
the  growth  of  the  pest  w^as  greatly  encourajxed.  The  recovery  in  the 
transparent  water  of  Craig  Pond  was  rendered  possible  by  the  great 
depth  of  the  water,  through  which  but  a  small  fraction  of  the  light  of 
day  could  penetrate.  No  doubt  the  salmon  liberated  there  at  once  took 
refuge  in  the  deeper  parts.  The  suggestion  naturally  arises  that  arti- 
ficial shade  might  be  useful  in  the  treatment  of  such  diseases,  whether 
the  attacking  fungus  be  identical  with  that  observed  in  the  above  in- 
stances or  a  related  one. 

It  is  certain,  from  the  promptness  with  which  dead  animal  matter 
becomes  the  prey  of  saproi)hytic  growths,  that  the  spores  of  these 
water-molds  are  well  disseminated  throughout  fresh  waters,  everywhere 
rejidy  to  seize  upon  an  opportunity  for  germination  and  growth,  and 
that  as  a  general  rule  these  spores  are  quite  unable  to  seize  upon  any 
animal  substance  which  is  not  already  dead  or  in  a  diseased  condition. 

A  growth  of  Saprolegnia  ferax  once  established  on  the  body  of  a 
salmon  is  able  to  extend  itself  ux)on  and  into  the  living  tissues  around 
it,  which  it  seizes  upon  and  destroys.  Growing  upon  a  dead  ^^^^  it  not 
only  ensnares  the  neighboring  living  eggs,  but  sometimes  i)ierces  their 
shells  and  establishes  itself  on  the  internal  parts.  In  one  instance  the 
fungus  had  gone  so  far  as  to  attach  itself  to  a  living  embryo,  which,  on 
removal  irom  the  shell,  was  found  to  support  on  the  sac  (juite  a  tuft  of 
growing  fungus,  thongh  neither  on  the  sac  nor  any  otlier  part  of  the 
fish  was  a  trace  of  dead  substance  discernible. 

It  has  been  ascertained  that  the  Saprolegnia  which  attacked  the 
living  salmon  can  be  communicated  by  contact  to  dead  Hies,  and  that 
Saprolegnia  found  growing  in  the  ordinary  way  on  dead  tiies  in  water 
can  be  communicated  in  its  turn  to  living  and  healthy  dace  and  may 
so  flourish  on  them  as  to  cause  their  death. 

The  impression  has  prevailed  that  the  Saprolegnia  which  infests  the 
eggs  in  hatching-troughs  originates  in  or  is  encouraged  by  bare  wood 
exi)osed  to  water,  and  that  special  elfort  is  necessary  to  prevent  its 
forming;  but  experience  at  this  station  does  not  show  that  attacks  of* 
fungus  on  either  eggs  or  fish  could  be  traced  to  bare  wood,  and,  on  the 
other  hand,  eggs  and  fish  in  troughs  carefully  varnisliCMl  with  asphaltum 
are  no  freer  from  fungoid  or  other  disease  than  those  in  neighboring 
troughs  from  which  long  use  had  worn  alrnosi  the  last  vestige  of  varnish. 


56         REPOHT  OF  COMMIftSIrtSKH   OV   VIBH    KTXTt   FISHEBIES. 

TItr  t>e4t  itnvatiUoii  uini'ust  tliU  uniwlh  )«  tbv  rarufdl  jiickiiig  nut  nt 
(lead  PRC"  Iw-rorv  thfiv  i*  tinif  li>r  t)M>  rauifitfv  m  irrnv  no  Micm,  nod  in 
t»(M>  or  ti  wnuua  ittlMi'Jc  oti  Try  or  iililor  QsU  In  treut  lliKU  wirb  lUi  esteriiir 
lipjtiiculioii  of  mk.  wtiiuh,  whilu  iint  tt  c-(irt>itll.  m  very  effleurJoas  in 
OJUtPD  nf  fiiDguu*  dj>H.>tix>«.  uiiil,  iT  |tnii)«^utly  ufurA,  u  safe  remedy  tor  Asb 
tJtnl  bare  rcncbvtl  lb«  IVvdlup  attxgv. 

T"  »l'ply  llii»  remedy  I<>  fry  in  tbt«  Irongbe  u  naturiitwl  »oliitJon  of 
•nit  ill  vTAtrr  ii*  niwlc'— tliat  is,  the  Rtroup>)iI  Wiov  tbat  t-:m  1>#  made  wHb- 
intt  ItiMitlti);  Ili»  water.    Tbe  flow  of  vnt«r  in  ttii-  irouch  lo  he  trented 
in  th«-n  Dtopjiml,  tIiIoIi  IcAriw  ft  th>m  A  lo  -I  incbcs  deep,  wbeu  eooagh 
brino  iHpciiirvd  In  Ui  mukrllifwiilcr  in  tlic  tmii;:li  iilmiit  lutaAliaKuooK  . 
iiii)nit«n-iral<ri,nli<iiil.l.O-iiHti|MTiAri|i:mvity.    The  tUIi  nrc  li^d  in  tbltS 
nt  .1U  fiiinatcfl,  nnltuu  Ibcy  exliitiit  tineuislni'a*,itnd  then  fivhh  vraturfa 
tiirowl  tiu.     I'rei-anlifiu  ir<  takra  IttdiloN' tbrbrinu  with  un  Cfinalqmu 
tity  of  war^r,  to  distrilitite  It  tbo  trlinlo  iHiiftth  iif  Uie  trongb.  arlirel 
Htirriu;;  the  wiiU-r  tu  Mwnrv  nn  vvtia  mlslnn*:  und  before  turtiloi;  oa  U 
DMtial  wuter  Nnpply  ii  lorftv  iinnulity  nf  fraiili  wiiter  i.s  liki<wiiic  ]ifHin 
in.  diHtribntine  it  thH  wbolu  li'iiutb  of  tbe  tniOKb  and  slirriog  asbe/bn 
tit  ;tnunl  DKuio-sc  a  U<n  f^addifQ  ebatiRe. 

Soub  jireenuiiiitifi  un*  HHperEulty  uecfibuiry  in  the  appliraljoii  of  • 
U>  very  yotinx  '^''''-  -^  Inru*'  nuiubiu*  nf  aalmnii  iit  (be  '■ar  sUi^  v 
duvr  ilaAtfiij-eil  by  itonrltift  In  »  Illtle  brioe  witbout  Ktirnug  it;  it  ap- 
pmirwl  t^i  «[iik  1"  Hie  l>(>tl»in  iiii'i  "iinwl  mil  \n  »  layer  by  itself  uoioop 
tb^  fry,  Mitd  ull  ex|HiHe<l  lo  it  lUM. 

1JKEMII«*  op   YfirNii   HALMOR. 

TItf  yniiii^  suluioii  arc  subject  to  tin-  attMcktior  many  niiimnls  and 
binlx,  Hinli  an  tbc  mink,  mote,  Htar  nosed  mole,  common  rat,  mnskrat, 
kiiipIiKlmr.  groat  horoi^  owl,  ^roat  blue  b«ron,  Handpi]i«r,  and  Ash- 
hawk,  UcMideit  frogs  and  all  larpc  lislies. 

At  Oriiig  lirwtk  tbe  uiuk  lias  ranged  MTions  loss.  As  a  protectioB 
Bonn.'  of  tho  poiuU  are  eoverud  with  fialvanize^I  poultry  nettitif;,  and 
traiiH  are  Uvpt  coustautty  wt  in  tbe  aveuii«»  by  wbicb  tbia  animal  H 
H|it  to  ii)>]trnacli.  Tbe  mole  buri'ows  tbrouffh  embankments  and  tlitu 
»oiiit(ittU'f<  caiiflca  tronlile.  The  .«Uvi-iio!(e<I  mole  is  kiiowu  to  st«al  dead 
i'g(,'N.  anil  id  !iut)[H>('te(l  of  tnkini:  live  ones.  The  rat  sonictimeH  takes 
y()urij;  IIhU  fiitm  tire  tron^jhs.  The  mtiiikrat  burrows  in  enibankmenM 
ami  HniiirtiiiicM  eats  (l«h. 

Tlif  ililViroiil  tish  eating  birds  u^-ciiNiounlly  nUmI  ISbIi  from  the  imnds 
or  trouKliw,  bnt  if  a  careful  wat<:h  is  kept  the  diiiiirer  is  not  great. 
I-'roRM  maybe  exceedingly  deatriictiw  to  yoiiug  salmoii,  ftnd  unst  be 
CHiiglit  nut  of  the  fisb-)KindH. 

Tu  nvniil  Iu8.«  fVom  eaiinibalfsm  among  the  flshes  it  is  neoeaaary  to 
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THE  LANDLOCKED  SALMON. 


The  lau<llocked  Halinou  was  formerly  regarded  as  apecifically  distinct 
from  the  seagoiug  form,  but  it  is  now  generally  considered  only  a 
variety.  The  tish  found  in  Sebago  Lake  and  other  localities  in  the 
United  States  is  known  as  Salmo  salar  8cba(/o,  and  the  Canadian  form  as 
Salmo  salar  ouananiehe.  From  the  lish-culturist's  point  of  view,  how- 
ever, the  marked  difference  between  the  landlocked  and  the  seagoing 
salmon  in  habits  and  growth  must  separate  them  as  widely  as  any  two 
species  of  the  same  family. 

Landlocked  salmon  are  known  to  exist  only  in  some  of  the  lakes  in 
Sweden,  besides  the  lakes  of  eastern  North  America.  They  are  native 
to  most  of  the  lakes  of  eavstern  Labrador,  including  the  waters  tribu- 
tary to  Ungava  Bay,  and  find  their  western  limit  in  Lake  St.  John  and 
vicinity,  on  the  Saguenay  Kiver.  Those  of  the  latter  district  have  been 
much  written  about  under  the  name  of  ^^ouaiianiche,^^ 

Doubtless  the  absence  of  the  seagoing  instinct  is  at  the  bottom  of 
most  of  the  variations  from  the  normal  type  of  Salmo  salar  which  the 
landlocked  salmon  exhibits.  Its  lower  tone  of  color,  less  permanent 
sexual  marks,  and  greater  liability  to  ovarian  disease,  as  well  as  differ- 
ent habits  of  feeding,  may  perhai)S  be  referabh^  to  the  same  general 
cause.  There  are  some  other  x)eculiarities,  however,  which  are  not  so 
easily  explained.  For  instance,  the  eggs  of  the  landlocked  salmon  are 
considerably  larger  than  those  of  the  sea  salmon,  and  the  very  young 
fry  are  correspondingly  larger. 

The  growth  of  the  young  of  the  Sebago  landlocked  salmon  seems  to 
be  more  rapid  than  that  of  the  anadronioiis  sahnon,  for  some  specimens 
more  than  a  foot  long  still  bear  on  their  sides  dark,  transverse  bands, 
characteristic  of  young  salmon;  but  it  may  be  that  the  landlocked  fish 
simply  retain  the  marks  of  the  immature  stages  to  a  later  period  of  life. 
This  view  is  supjwrted  by  the  fact  that  the  dark  bands  are  never  com- 
pletely obliterated  from  the  sides  of  the  landlocked  salmon,  being  always 
very  distinct,  even  in  adult  specimens,  on  the  under  side  of  the  skin,  a 
character  absent  among  migratory  salmon. 

The  landlocked  salmon  is  smaller  than  the  anadromous  salmou,  but 
its  flesh  is  fat  and  rich  and  of  a  very  delicate  tlavor.  In  game  qualities 
it  is,  for  its  size,  quite  the  peer  of  the  larger  salmon,  and  affords  keen 
sport  to  the  fly  flsherman.  It  is,  therefore,  much  sought  after,  and 
ranks  in  public  favor  among  the  foremost  fresh-watet  ^pei»Ae,«». 

XA 
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TLu  iitiiiiral  niii^  »l*  the  IniKllottke^l  salmon  In  the  United  States  ia 
much  rumtric-ti-d.  Ijcarhig  out  of  the  qaestioD  the  B^mon  formerly 
fKM]ueiiting  the  rivers  trilintary  u*  Lakes  Ontario  and  Champion,  the 
exteut  (if  whoHO  itiigratinii  ia  n  iiintter  of  donbt,  we  find  them  only  in 
four  limited  districts,  all  ill  the  State  of  Maine,  namely,  the  PresampBcot 
Biver  (inclndiiig  Sebago  liuke)  in  Oumberland and  Oxford  coDoties,  the 
Sebei-  Itiver  (a  tribntary  of  the  Penobscot)  in  Piscataquis  County,  the 
lluiuu  Kiver  hi  Hancock  County,  and  tbe  St.  Croix  Kiver  in  Wasbing- 
tou  Comity.  There  are  some  minor  differences  between  tbe  Ush  of  these 
Severn  1  districts,  of  which,  perhaps,  that  of  size  is  most  notable.  The 
Sebagoiiiid  riiiou  liiver  fish  are  muuU  larger  on  the  average  than  those 
of  the  Sebet;  mid  St.  Croiv.  Tlie  Sebago  saliiiou  average  at  the  spawn- 
ing season  4  or  .'>  pimiids  weight  for  the  males  and  a  pound  less  for  the 
females,  while  sitecimens  of  13  nud  14  pounds  weight  are  not  rare,  aod 
there  is  a  record  of  one  of  'JH  i>ounds.  The  Union  Biver  fish  are  about 
tbe  same  si/«.  Tlie  St.  Croix  llsh  vary  in  the  matter  of  weight  in  dif- 
ferent parts  of  their  range,  but  the  average  weight  of  either  sex  at 
Grand  Lake  Stroaia  is  a  little  loss  than  3  pounds;  speoimens  of  over6 
pounds  are  rare,  and  none  is  on  record  of  over  10  ponnds. 

After  attempts  to  collect  itggs  of  landlocked  salmon  in  each  of  the 
four  regions  mentioned,  it  was  found  that  Uraud  L«ke  Stream  in  the 
St.  Croix  district  afforded  excellent  foctlities  for  this  work.  A  hatching- 
station  at  that  place  w:is  ofierated  from  1875  to  18!)2,  and  has  beem 
recently  reopenud. 

Tlic^  liillowiii;:  Tiotcfi  on  lish-ciilriiiiil  methmls  have  Ki>e<.-ial  application 
toCrMn.lLiikoHtmuii: 

The  liiiidloilicci  siilm f  the  Sr.  Cn)ix,  tliougli  originally  well  dis- 

tiibtili-d  ttiiimfih  tin-  liikcs  tiiliiiiary  i^i  that  river  and  still  inhabiting 
ii.  ;;re:it  iiiiinv  i>t'  th<'ni,  liihU'r  iti  sninc  a  nincli  more  uongenia)  home 
than  in  iillicr^.  its  rnvuritc  uIkhIu  liciiifr  tlniiid  Lakeoii  tbe  Schoodic 
Itivi'i-.  This  l)i)dy  nl'  Wiitor  is  of  irivgnlar  shiipe,  about  12  tuiWa  in 
length  iiTid  t  in  cxtrcnii^  breadth,  fud  alttiiist  wholly  by  short  streams 
th:it  i'lirin  the  (iiilh>ts  of  oilier  lakes,  and  from  this  cause,  as  well  as 
from  the  lact  tlmt  it  drains  a  fjiavelly  country  ami  is  girt  with  clean 
rocky  shores,  il  is  (me  of  the  purest  of  the  Elaine  lakes.  Its  greatest 
depth  is  helieveil  to  be  little  more  lliiiii  lUO  leet.  Its  outlet  IS  Grand 
[yUke  Stream,  a  slia  low,  lapiil,  ^Tavelly  stream,  about  3  miles  long,  to 
which  llie  sahiion  ^'o  in  (hiober  ami  Noveiiihcr  to  dcijosit  their  eggs. 
<'omparatively  few  of  llie  salinon  of  this  lake  i-usort  to  the  streams 
tribntary  1<)  it. 

The  <ipt;riiti<ins  with  himllncked  F<alm(in  necessarily  diflbr  from  those 
with  nii;j,ratoi'y  salmon.  Ilcin^at  home  in  tVe.th  water  and  having  there 
their  fe('i]iN<;-;;]'imtids,  they  euntinue  to  feed  until  the  close  approach 
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over,  tbc  necessity  of  collectiu^  breeding  iiali  early  in  tin*.  «iiimner  (loi\s 
not  exist,  beeanse  they  are  at  no  time  more  congregated  and  easy  to 
catch  than  at  the  spawning  season. 

Their  capture  is  easily  effected  by  stretching  a  net  across  the  outlet 
*of  the  lake  and  leading  them  through  a  tunnel-formed  passage  into  an 
iuclosure  of  netting.  There  happens  to  be  at  tiiis  point  a  wide  surface 
of  smooth  bottom,  with  water  from  I  to  3  feet  in  depth,  affording  an 
excellent  site  for  spacious  inclosures,  not  only  for  entrapping  but  for 
assorting  and  storing  salmon  during  the  spawning  season.  Nets  are 
generally  stretched  across  the  stream  (to  keep  the  lish  back  in  the  lake) 
immediately  after  the  beginning  of  the  close  season,  Sei)t ember  15. 
The  earliest  of  them  begin  to  spawn  befoie  the  end  of  October,  but  the 
actual  inclosing  of  the  breeding  stock  is  deferred  until  the  early  days 
of  November.  The  taking  of  spawn  generally  begins  about  November 
6  and  continues  two  or  three  weeks.  Commonly  by  November  20  or  22 
this  work  is  completed,  and  the  breeders  are  carried  a  mile  or  two  up 
the  lake  and  liberated. 

The  method  of  manipulation  is  the  same*  as  at  the  Craig  Brook  station, 
and  does  not  differ  materially  from  that  a<lopted  by  all  the  American 
breeders  of  ISalmonidw,  The  results  in  the  impregnation  of  the  spawn 
are  not  so  uniformly  satisfactory  as  with  sea  salmon.  Ovarian  dis- 
ease seems  more  prevalent  among  landlocked  than  among  migratory 
salmon.  The  ocrcurrence  of  white  eggs  among  the  normally  colored 
and  healthy  ones,  as  they  are  yi<^hled  by  these  lish,  is  very  common, 
and  occasionally  the  entire  litter  is  defective.  It  is  not  improbable 
that  some  eggs  are  incapable  ol  impregnation,  though  exhibiting  no 
visible  signs  of  disease.  However,  the  general  result  is  satisfa<'tory, 
the  i-atio  of  impregnated  eggs  being  from  03  to  IK")  ])er  cent. 

The  facilities  for  develojnng  and  hatching  the  eggs  at  (Irand  Lake 
Stream  are  rather  iK)or.  No  good  site  eonld  be  fonnd  by  the  side  of 
the  stream,  no  suitable  brook  could  be  found  near  enough  to  the  fishing- 
grounds,  and  the  neighboring  springs  lacked  either  volume  or  facilities 
for  utilization.  Of  three  hatcheries,  two  use  spring  water  exclusively, 
and  one  of  them  lake  or  stream  water  exclusively.  The  lake  water  is 
prefeiTe<l,  but  unfortunately  it  can  only  be  used  for  the  slow  dev<»lop- 
ment  of  part  of  the  eggs,  circumstances  connect e<l  with  the  lloating  of 
timber  down  the  stream  comi)elling  the  evacuation  of  that  hatchery  in 
March.  The  main  hatchery  is  well  located  exeei)t  that  the  water  is  from 
springs,  and  this  unfavorable  circumstance  is  well  counterbalanced  by 
the  fa<rili ties  for  aeration,  which  are  very  good  and  very  fully  em i)l(»yed. 
The  eggs  are  placed  upon  wire-cloth  trays  in  stacks  or  tiers,  ten  deep, 
and  arranged  for  a  free  horizontal  movement  in  the  water. 

The  egg  shipments  are  made  in  January,  February,  and  March,  and 
sometimes  in  April.  The  eggs  hatched  are  selected  from  those  that  have 
been  retarded  in  development;  the  fry  reach  the  age  for  liberation  in 
Jane,  when  their  natural  food  is  believed  to  be  abundant. 


60  KEPOHT   or   COMMISSIONER    OK    FISH    AND    FISHEBIES. 

Kxperloiuw  ar.  Gre«ri  IjhIio  has  tiui)|>li«tl  wtiue  (titeruatiiig  daUt.  Here 
we  linrl  tlit>  ltr<^«dlug-K">ii<i()^  *>f  "i*!  s»1hiuu  both  in  lli«  utlliititita  mid  id 
tbe  wfUiiHTit  of  tliv  I»k(^,  1(11 1,  unlike  <inMul  fjnke.iuainlyiu  tli«  uttlneiits. 
Grvut  Brook,  Ihu  tarf^-st  tributary,  in  must  n-soi't4)d  to,  and  on  this 
etreuni  is  lucuted  a  Ktutioti  lor  ttiu  propagiilioti  of  this  Bpeiiius.  Tlie 
most  of  tin?  hrcKNlerM  ans  lakeu  in  a  trap  in  the  bnmk,  wbicb  they 
readily  (Miter  when  seekiOR  tu  ascend  to  their  natural  br«ediug-gr<)Uad8 
jast  abovv.  The  trap  is  conul  ranted  of  wikxI,  and  i-loae  to  it,  also  iu  the 
bed  of  the  brook,  are  niimerflus  pens  of  tbe  same  material,  in  which  the 
fish  are  assurted  and  held  during  the  Hpawniug  itcaimn.  Un  the  bank, 
snug  by  the  i)eii»,  tit  the  Ni>iiwnhonHe,  iind  a  few  rwiit  avray  t»  the 
■  bat«liei-y.  The  httlchery  iit  supplied  with  water  from  Itocky  rood,  the 
ftouru«  of  Groat  Brook,  by  a  wwxleu  liumo  ",(J."i(l  frot  long.  Bnpirorted  by 
woodun  trefttlVH.  at  some  puiutK  clovatml  many  feet  abiive  the  ground. 
Iu  cold  wuatlier  tlio  water  cools  cU'  Ij  degrees  iu  passing  down  this 
Hume;  in  warm  wvather  it  varms  up  U  degrees.  Though  the  summer 
b-'uipernture  during  the  early  years  of  the  station  was  sometimes  over 
80"  F.  and  some  otht-r  8i>wie«  Kuccnmlietl  to  the  heat,  the  landlocked 
salmon  endiinxl  it  safely,  and  the  only  notable  effect  on  them  was  that 
at 'fi'^and  npwnrd  the  adults  rearetl  iu  the  station  ixinds  refused  to  eat 
Ar  at  Grand  Lake  Htrraui,  among  tbe  adult  wild  salmon  eAught  for 
bree^Uiig  eavh  year  are  tuatiy  more  females  than  males.  In  1889  the 
pn»iMirtiou  was  3  femaW  to  2  males;  in  1803  it  was  '.'  to  i.  Tbe  size  of 
tb<'4ireeu  Lakesalmon  is  remarkable;  the  mean  of  6!1  full-nied  females 
in  IM'J  waa  T.ti  pouuils  iu  weight  and  iiS.u  inches  iu  length;  lUe  wales 
the  same  year  averaged  '»  i>ouuda  in  weight  and  '22.3  inches  in  length; 
one  female  weighed  11  pounds  '.I  ounces,  and  measured  30  inches; 
another,  11  {lounds  0  ounces  iu  weiglit,  was  30^  inches  in  length;  one 
mate,  31  iuelies  long,  weighed  13  liounds  8  ounces.  The  number  of  eggs 
yieldeil  by  the  females  is  about  4,0U0  each. 
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THE  RAINBOW  TROUT. 


DESCUIPTIOX   OF   THE   FISH. 

The  body  of  the  rainbow  trout  (Salmo  irideus)  is  comparatively  short 
aud  deep,  and  is  more  elongate  in  males  than  in  females.  The  average 
depth  is  contained  about  three  and  four  fifths  times  in  the  body  length. 
The  short  head,  which  is  obtusely  ridged  above,  is  about  one-fourth  the 
total  length.  The  mouth  is  smaller  than  in  otln^r  species  of  iSalmOj  the 
maxillary  reaching  scarcely  beyond  the  eye,  which  is  rather  large,  and 
is  contained  five  times  in  the  side  of  the  head.  The  caudal  fin  is  dis- 
tinctly but  not  strongly  forked.  On  tin*,  vomer  are  two  irregular  series 
of  teeth.  The  dorsal  rays  number  11  and  the  anal  10.  In  the  typical 
species  there  are  about  135  scales  in  the  lateral  series,  with  20  rows 
above  and  20  below  the  lateral  line;  in  the  several  subspecies  the 
number  of  rows  of  scales  along  the  side  is  from  120  to  180.  The  color  is 
variable,  depending  on  sex,  age,  and  character  of  water.  Typical  adult 
fish  are  bluish  above,  silvery  on  the  sides,  profusely  and  irregularly 
dark-spotted  on  the  back  and  sides,  the  spots  extending  to  the  vertical 
fins,  with  a  red  lateral  band  and  blotches  and  a  nearly  j)lain  belly.  The 
sea-run  fish  are  nearly  plain  silvery.  The  chief  distinguishing  color 
characteristics  of  the  varieties  are  in  the  number  and  i)osition  of  the 
spot«. 

BAWaE  AND  VARIATION. 

The  rainbow  tnmt  is  not  indigenous  to  eastern  waters,  its  original 
habitat  being  the  Pacific  coast  of  the  United  States.  It  is  esi)ecially 
abundant  in  the  mountain  streams  of  California.  A  few  specimens, 
however,  have  been  taken  in  saltwater,  and  it  is  not  unlikely  that  some 
find  their  way  through  the  rivers  into  the  sea. 

The  species  is  subject  to  considerable  variation  in  form  and  color  in 
different  parts  of  its  range,  and  the  following  varieties  have  received 
recognition  by  ichthyologists:  The  brook  trout  of  western  Oregon  and 
Washington  (iS<ilmo  iridem  maHoni)^  which  rarely  weighs  as  much  as  a 
[)ound  and  is  locally  abundant  in  the  streams  of  the  Coast  Range  from 
Puget  Sound  to  southern  Oregon;  the  McCloud  River  trout  {Salmo 
irideus  HhaHta)j  which  attains  a  large  size,  is  abundant  in  the  streams  of 
the  Sierra  Nevada  Mountains  from  Mount  Shasta  southward,  and  is  the 
rainbow  trout  which  has  received  most  attention  from  lisli  culturists; 
the  Kern  River  trout  (Salmo  irideus  (jilhcrti)^  wliich  attains  a  weight  of 
8  pounds  and  is  fimnd  oidy  in  Kern  River,  California;  the  noshee  or 
nissuee  trout  {Salmo  irideus  stouei)^  which  inhabits  the  Sacramento 
basin  and  reaches  a  weight  of  12  i)ounds;  the  golden  trout  of  Mount 
Whitney  (iSViV wo  irideus  aqua  bouita),  which  inhabits  streams  on  both 
sides  of  ]\[ount  W^hitney,  California. 


(i2  KKPOm-  OK  OUMUIMduNKR  OK    tlHH    MiU   KimiKKlEii.  ^ 

In  tlte  BxtvRHive  8n-tinu  n(  tbu  WewI  in  vbiuli  Ibe  flsli  ulutunilt  nn 
iiumn  vurteH  hi  ililTereut  loiaiUtieB;  i«il  aidus,  uinuiitaiu  Inxi*,  hnwi. 
Crotit,  mid  (riiMt*u  troatf  bafudiis  raiulinw  U'nut,  ai-tt  mium^  of  lh«3  imjmlur 
nttlH-llattnttK,  whilt'  III  II10  Ktuten  vast  nf  lite  Mlxsi^tijpfii  Uivvr  U  vt  verv 
icetittmlly  <'nlli>tl  rniitliuw  ln>ul  or  rnlffbrtilit  troat. 

TUAW»PLANTlK<i. 

TliP  minlmw  iroiil  tiaa  U^ii  sinwcsaftill)'  [raoaplniiti-d  hi  mnny  oTlbr 
tnonnutin  :<tivjimA  in  dlflV-ivnt  puTta  oT  thi<  I'lilrHl  8tiit*«.  whvn<  it 
ftniwK  ttml  mnltipllfts  ni[ildly,  if  U  alien  n  by  I  lie  tnany  thvonlilu 
rvpurt^i;.  Till'  ImmiL  reenllM,  faonvwr,  ttuem  tu  liav«  lin.»i  uliUined  from 
|ilnnt«  aieuiv  in  Mtntumii  oC  Mirhi|;nii,  MEstuinri,  ArkauMiiii,  Uiroai[1iunl 
tlie  Alli-iilmny  Miinntaiii  raogva.  und  in  OolitriMln.  NuvaiIa,  aiul  ntber 
Wralern  SIhIks.  It  vim  intrmjiK-vd  tutu  raati'm  walvrs  li;  tiie  ITit)l«() 
SIntcH  Fiftli  OiiuiiDUaJHti  in  l^^l.  bnt  it  ih  [M»r!Jblp  ttiut  8)NMjItuiiii8  of  il, 
or  iU  ti[inwii,  bud  been  br»ai;tit  eaut  {irior  to  thai  Ijmu  bj  aitme  ttf  tbr 
Stale  L<otiimiHsii)ii4  or  by  privat*'  I'litcrpriw. 

It  Ik  lii'JIoved  lliat  thin  KjitvieN  will  serve  li>r  stxHUciii);  «ti<uftius  for 
mivly  itibiiblted  by  Mi«  bruolc  trmtt  {Hnltflitnit /ontiKaiiii),  hi  whicb  tbe 
tiitlvr  no  liiii^r  tlirivi^)*,  owititc  to  lliv  dtwrinir  of  tlio  lands  at  tltc 
»unrt!4»sul'llu'HtrtMtritts,  wliicli  liiM  i>ro<lu(.'ed  r-limi^M  cutidttionH  in  am) 
along  tbv  wntora  not  aE:rc«iibto  to  tbe  biuuk  truat'x  viU)  uature.  Tlic 
mtnbow  in  nibiptflil  to  ivMrm«r  nnd  dfejior  water*,  and  ifl  tberefon- 
miit«d  to  many  of  tlm  now  depIirU'd  stn-amu  wliich  tlow  from  tbo  moiiii 
tains  i|][nu)fli  tli)>  cnttivatud  lands  of  tlm  viillfyn. 

Uaiiibtiw  tn>at  ditl^r  widely  from  brook  trout  and  other  pngnacionK 
llalirH,  ill  that  lliey  feed  iirin»i|ial1y  niion  wornia,  Inrvif,  tiniKtaoea,  and 
tliB  Irki-.  iinil  do  not  tako  remlily  to  minnows  jw  food.  They  shoaM  be 
|.l:ni(r(!iii  -iiriiigfir  early  Humiiier,  when  their  natural  tood  idabnndnDt. 
jLs  tiny  «ill  iIkij  grow  more  raiiidly  ami  become  ae«ii8lomuil  to  life  ju 
tlif  atrcinu,  iiiid  when  worinn,  larvae,  etc.,  are  no  longer  to  be  foiiiid. 
their  expeileuisv  and  Bizo  will  unable  them  (o  take  a  minnow  or  any- 
thing that  may  prescut  ilAclf  In  thi>  nhape  of  food. 

Fry  Hhmild  not  be  i)1ante<l  in  open  wattirs  until  they  are  fteveral 
months  old,  and  Mien  not  nntil  the  t^niperatnre  of  the  streams  begiu'^ 
to  rise;  hntfinh  hatchei)  in  December  and  Janaary  can  safely  be  plmile«l 
in  April  and  Ma>. 

SIZE  AND  fiKOWTD. 

The  Bizo  of  the  rainbow  trout  dejiends  upon  its  snrroandiug*,  the 
Toliuiic  anil  temiwratni'C  of  the  water,  aud  tlie  umoniit  of  (bod  ic  ison 
tiiins.  The  nverage  wei|;lit  of  those  eanght  from  Rtreams  in  the  Kast  i» 
probably  lc.s«  than  a  pound,  but  »omc  weighing  63  pounds  have  been 
taken.  In  the  O/ark  region  of  Missouri  they  are  ranght  weighing  5  lo 
lOnoiiTids.     In  some  of  tlii'  rold  inoiintain  struanis  of  Ooloriulo  their 
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attain  a  weight  of  r»  to  7  pounds.  In  their  nsitivo  streams  of  California 
they  are  often  caught  ranging  from  3  to  10  ijomuls,  but  average  from 
1  to  2  [Miunds.  The  largest  specimen  ever  i)n)dured  in  the  ponds  at 
Wytheville,  and  fed  artificially,  weighed  (\h  pounds,  but  many  others  in 
the  same  i>ond8  weigh  from  1  to  3  pounds. 

The  average  growth  of  the  rainbow  trout  under  favorable  artificial 
circumstances  is  as  follows:  One  year  old,  from  'J  to  1  ounce;  2  years 
old,  from  8  to  10  ounces;  3  years  old,  from  1  to  2  pounds;  4  years  old, 
from  2  to  3  pounds.  They  grow  until  they  are  S  or  10  years  old,  the 
rate  diminishing  witii  age.  Some  grow  nuicli  faster  than  otliers  under 
the  same  cintumstances,  but  the  rate  ofgrowtli  is  largely  a  <iuestion  of 
food,  temperature  of  water,  and  extent  of  tlie  range.  In  water  at  00°, 
with  plenty  of  food,  fish  1  or  2  years  old  will  double  their  size  several 
times  in  a  single  season;  while  in  water  at  40",  with  limited  food,  the 
growth  is  seal  eely  i)erceptible. 

The  rainbow,  like  the  brook  trout,  will  live  in  water  with  a  compara- 
tively high  temperature  if  it  is  plentiful  and  running  with  a  strong 
current,  but  sluggish  and  shallow  water,  even  with  a  temperature  of 
70'^  F.,  is  dangerous  for  brook  trout.  l{ainl)()\v  trout  will  live  in  warmer 
water  than  brook  trout,  and  are  found  in  swift,  rapid  streams  at  85-  F., 
esi>e(!ially  where  there  is  some  shade,  but  in  ponds  that  temperature  is 
dangerous  even  with  shade  and  a  good  current.  In  its  natural  condi- 
tion this  trout  is  usually  found  in  wat<M'  varying  from  38  -  F.  in  winter 
to  70^  F.  in  summer,  and  in  selecting  a  site  for  a  trout  hatchery  spring 
water  with  a  temperature  of  42-  to  r)fS-  is  requircMl. 

The  rainbow  trout  is  a  superior  game  (ish,  a  vigorous  biter,  and  fights 
bravely  for  liberty,  though  in  the  lOast  it  is  somewhat  inferior  to  the 
brook  trout  in  these  respects. 

In  the  following  pages  is  described  the  mannt^r  in  which  this  fish  is 
propagated  artificially  at  Wytheville,  together  with  the  design  and  con- 
struction of  the  ponds  and  api)aratus,  and  such  other  information  is 
given  as  is  suggestiHl  by  experien(;e  at  this  station.  It  may  be  observer! 
that  the  methods  would  be  equally  aj^plicable  to  the  ])roi)agation  of  the 
brook  trout. 

SPAWNINif-PONDS. 

In  constructing  ponds,  one  of  the  first  considerations  is  to  place  the 
fish  absolutely  under  the  control  of  the  fish-eulturist.  that  he  may  be 
able  to  handle  them  without  delay  or  inconvenience.  At  Wytheville 
they  are  constructed  entirel}'  of  wood,  about  ir>  by  oO  fe(»t  and  3  to  3.^ 
feet  deep,  and  shaped  as  shown  in  plate  21,  and  h:iv(»  been  found  very 
satisfactory.  Excellent  water  circulation  is  obtained  in  all  i)arts,  and 
there  are  no  corners  for  refuse  to  lodge  in.  The  bottom  of  the  [)ond  is 
built  with  a  gradual  elevation,  in  the  direction  ol  the  upj^er  end,  of  2 
inches  in  the  entire  length  of  the  pond.  This  makes  it  [)ra('tically  self 
cleaning;  nearly  all  of  tlie  foul  matter  will  pass  olV  and  any  remaind(M" 
can  be  disposed  of  by  drawing  the  water  down  low  for  a  short  period 
and  then  fiushing  the  pond  with  fiesh  wat(»r.  This  incMhod  obviates  the 
necessity  of  band  bug  tlie  fish,  which  is  v<*rv  iinportant,  es[>ecially  when 
near  the  spawning  time. 
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a  poud  several  modifying  coaditions  must  be  cousidered,  such  astbo 
size  of  the  fish,  water  supply,  temperature,  and  shivde.  In  stocking  the 
spawning-poud  a  good  proportion  is  two  females  to  one  male.  The 
breeding  stock  is  selected  carefully  every  year;  only  sound  and  perfect 
fish  are  retained  for  the  next  season,  and  the  blind  and  emaciated 
fish  of  both  sexes  are  destroyed. 

TAKING  THE    SPAWN. 

The  spawning  season  varies  with  the  locality  and  the  temperature  of 
the  water.  It  is  usually  two  to  four  weeks  Ijiter  in  the  streams  than 
where  the  tish  are  kept  confined  in  spring  water.  In  the  ponds  at 
Wytheville  the  spawning  fish  may  be  found  any  time  after  the  1st  of 
November;  the  season  is  well  started  by  November  15,  and  generally 
closes  about  the  1st  of  March.  December  and  January  are  the  best 
months.  In  California  the  season  extends  from  the  1st  of  February  to 
May,  and  in  Colorado  begins  early  in  May  and  continues  until  July. 

The  natural  nests  of  these  fish  are  made  on  gravelly  bottoms,  and 
are  round  or  elongated  depressions  about  the  size  of  a  dinner  plate. 
After  the  eggs  have  been  deposited  and  fertilized  they  drop  between 
the  pebbles  of  the  nest,  where  they  lie  protected  until  hatched. 

Where  spawning-ponds  are  provided  with  suitable  raceways  the  fish 
will  ascend  from  the  ponds  into  them,  seeking  a  place  to  make  their 
nests,  and  may  then  be  taken  out  and  stripped  of  their  spawn.  To  take 
the  fish  from  the  raceway,  a  square  net  (1,  plate  21)  is  dropped  in  on 
the  cleats  nailed  against  the  side  walls  in  the  approach,  shown  at  J,  the 
dam  in  the  mouth  of  the  racewav  is  raised,  and  the  lish  driven  back 
into  the  net.  The  net  is  then  lifted  out  of  the  water,  and  if  it  contains 
too  many  fish  to  handle  conveniently  a  landing-net  is  used  to  take  out 
part  of  them  before  the  square  net  is  moved.  The  ripe  fish  are  then 
placed  in  tubs  or  other  vessels  provided  for  the  ])urpose.  If  too  many 
fish  are  put  in  the  tub  at  one  time  they  become  restless  and  sick  before 
they  can  be  stripped  of  their  spawn. 

There  are  two  methods  of  taking?  and  impre«ruating  the  spawn  of 
fishes,  the  '^wef  and  the  "dry"  methods.  P>y  the  "wef  method  the 
eggs  are  taken  in  a  pan  containing  sulhcient  water  to  cover  them  and 
allow  them  to  mix  freely  with  the  milt,  whitth  is  imine<liately  ad<led. 
After  the  contents  of  the  pan  have  been  stirred  for  a  few  seconds  with 
a  feather,  the  eggs  are  set  aside  and  left  undisturbed  during  fertiliza- 
tion. The  "dry"  or  "Russian"  method  is  now  in  general  use;  the  eggs 
and  milt  are  taken  in  a  moist  pan  and  it  makes  little  dift'erence  which 
is  taken  first,  but  one  should  imme<liately  follow  the  other,  and  the 
contents  of  the  pan  bo  thoroughly  mixed.. 

After  the  eggs  and  milt  have  had  time  for  contact,  and  bef<ue  the 
eggs  begin  to  adliere  to  the  bottom  of  the  i)an,  water  is  added  to 
the  depth  of  about  an  imh,  the  eggs  being  kept  in  gentle  motion,  by 
turning  the  pan,  to  prevent  adhesion.    After  2  or  3  minutes  the  milt 
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is  poured  off  and  clear  water  is  put  iu  tbe  p»D,  in  which  the  eggs  are 
allowed  to  remain  nntil  they  separate,  which  will  be  in  from  15  to  45 
minuter,  depending  OD  tbe  temperature  of  the  water.  It  is  preferable 
to  take  the  eggs  to  the  hatchery  before  the  mitt  and  water  are  poured 
off,  and  there  rinse  them  off  and  place  them  directly  on  the  hatohiDg- 
trays  (previously  arranged  in  the  troughs)  and  then  allow  them  to 
separiite.  In  freezing  weather  it  is  advisable  to  strip  the  eggs  in  water 
or  to  use  two  pans,  one  set  in  the  other,  with  water  in  the  bottom  pan 
to  prevent  the  eggs  from  being  chilled. 

In  taking  spawn  the  manipulation  of  the  fish  without  injury  is  a  very 
delicate  and  exacting  task,  full  knowledge  of  which  can  only  be 
ac(|nired  by  experience,  as  it  is  difficult  to  squeeze  the  spawn  from  the 
fish  without  injuring  or  even  killiug  it.  In  taking  hold  of  the  fish  in 
the  Bpawning-tub  tbe  operator  catehes  it  by  the  head  with  tbe  right 
hand,  the  back  of  tbe  hand  being  up,  and  at  the  same  time  slips  the 
left  hand  under  the  fisb  and  grasps  it  near  the  tail,  between  the  anal 
and  caudal  fins.  A  fieh  caught  in  this  way  can  be  eaaily  turned  over 
as  it  is  brought  out  of  tbe  water,  so  that  its  abdomen  is  up  and  in  the 
proper  position  for  spawning  by  tbe  time  the  spawning-pan  is  reached. 
If  the  flsh  struggles  it  must  be  held  firmly,  hut  gently,  until  it  becomes 
quiet,  and  when  held  in  the  right  position  it  will  struggle  only  for  a 
moment.    A  large  flsh  may  bo  held  with  its  bead  under  the  right  arm. 

When  the  struggle  is  over  tbe  right  band  is  passed  down  the  abdo- 
men of  the  fish  until  a  point  midway  between  the  [lectoral  and  ventral 
finij  is  rencbed,  then  with  the  thumb  and  index  linger  tbe  iibdomeu  is 
pressed  gently,  and  at  tbe  same  time  the  hand  is  siipi)ed  toward  tbe 
vent.  If  tbe  eggs  are  r<?ady  to  be  taken  tbey  will  come  freely  and 
easily,  and  if  they  do  not,  tbe  flsh  is  put  back  in  the  ])oiid  until  ready  to 
spawn.  If  tbe  eggs  come  freely  from  the  first  pressure  tbe  operation 
is  repeated,  beginning  at  or  near  the  ventral  fin. 

After  the  first  pressure  buR  been  given,  by  hohling  the  bead  of  the 
fish  higher  than  the  tail,  all  of  the  pjiR'*  "'"t  l"i^'6  fallen  from  the 
ovaries  and  are  ready  to  be  expressed  will  fait  into  the  abdomen,  near 
the  vent,  HO  that  it  will  not  bo  necessary  to  press  tJie  fisb  again  over 
its  vital  parls,  tbe  eggs  having  left  that  portion  of  tbe  body.  All  of 
the  eggs  that  have  fallen  into  the  abdnmen  behiw  tbe  ventral  fin  can 
be  easily  ejected  without  danger  of  injury  to  tbe  flsh,  caused  by  unnec- 
essary jiressure  over  its  important  organs  aftt'r  the  eggs  have  left  that 
part  of  the  body.  If  these  direcfi<ms  are  judiciously  and  carefully  fol- 
lowed but  little,  if  any,  damage  will  result;  and,  as  an  illustration,  it 
may  bo  mentioned  that  fisb  have  been  kept  for  14  years  and  their  full 
quota  of  egirs  extracted  each  season  during  the  egg-prodncing  term, 
whitb  is  normally  from  10  to  IL'  years.     The  mule  fisb  is  to  Ijc  treated 
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uialtxs  are  very  pagnacioas  at  this  season,  and  sometimes  fi|;ht  for  an 
hoar  or  more  at  a  time,  until  they  are  entirely  exhausted;  they  run  at 
each  other  with  open  mouths,  lock  their  jaws  together,  and  in  that 
l>06ition  sink  to  the  bottom  of  the  pond,  where  they  lie  for  a  short  time, 
each  holding  the  other  in  his  grasp  until  rested,  when  they  rise  and 
resume  the  combat.  As  their  teeth  are  abnormally  long,  they  scar 
each  other  and  even  bite  pieces  of  skin  and  flesh  from  the  sides  of  their 
antagonists. 

The  males  are  good  breeders  at  two  years  old,  but  very  few  females 
produce  eggs  until  the  third  season,  when  they  are  from  30  to  30  months 
old.  At  Wytheville  hatchery  about  1  per  cent  of  tlie  females  spawn  at 
2  years  of  age;  about  50  per  cent  at  3  years,  and  about  85  per  cent 
each  season  after  that.  About  15  per  cent  of  the  fully  matured  females 
ore  barren  each  season.  It  was  at  one  time  thought  that  the  same 
individuals  were  barren  each  year,  but  experience  has  shown  that 
such  is  not  the  case,  as  fish  which  were  barren  one  season  have  been 
held  over,  in  a  separate  pond,  until  the  following  year,  when  a  large 
portion,  if  not  all,  produced  eggi^.  This  sterility  may  be  the  result  of 
injuries  which  were  received  the  previous  season,  during  the  progress 
of  spawning. 

EGGS. 

The  number  of  eggs  produced  in  a  single  season  depends  ui>on  the 
size  and  age  of  the  fish.  The  maximum  from  one  3  years  old,  weighing 
^  to  1^  pounds,  is  from  500  to  800;  from  one  0  years  old,  weighing  1^  to  4 
pounds,  it  is  2,500  to  3,000.  The  eggs  vary  in  size  from  4A  to  5  eggs  to 
the  linear  inch,  and  are  of  a  rich  cream  color  when  first  taken,  changing 
to  a  pink  or  fiesh  color  before  hatching. 

THE  HATCHINCJ-TROUGHS  AND   TRAYS. 

The  eggs  are  incubated  on  trays  i)laced  in  troughs  of  various  sizes  and 
shapes,  which  at  Wytheville  are  set  in  pairs,  as  shown  on  page  08. 
They  are  made  of  the  best  pine  lumber,  dressed  to  1^  inches  thick,  and 
are  15  feet  long,  14  inches  wide,  and  8  inches  deep.  Fourteen  inches 
from  the  lower  end  inside  is  a  guard-screen  of  perforated  tin  or  wire 
mesh,  fiistened  on  a  frame  exactly  fitted  across  the  trough.  Tin  with 
perforations  of  -^  inch  for  very  young  fry,  and  larger  ones  as  the  fish 
grow,  is  preferable  to  wire.  The  screen  is  arranged  to  slide  vertically 
between  beveled  cleats,  that  it  may  be  kept  clean  easier.  A  plain 
board,  3^  inches  wide,  is  placed  4  or  5  inches  from  the  lower  end  of  the 
trough  to  serve  as  a  dam. 

In  the  upper  end  of  the  trough  horizontal  screens  (B,  page  08),  made 
of  ][)erforated  tin,  are  use<l.  These  are  so  (constructed  that  they  can  be 
alipped  forward  or  raised  u])  (as  shown  in  the  illustnition)  in  feeding 
the  fry  or  cleaning  the  troughs,  and  the  water  falling  on  a  small  wooden 
block  in  the  center  of  tlie  screen  is  thoroughly  aerate<l  hetore.  entering 
the  trough.  This  arrangement  possesvses  many  advantaj^^es  over  the  old 
method,  where  the  screens  were  vertical,  or  nearly  so,  as  it  vermit*  tUft 


68 


REPORT    OF   COMMISSIONER    OF    PISH    AND    FISHERIES. 


flsh  to  ascend  to  tlie  beiitl  of  the  trough  and  receive  the  water  as  it  falls 
from  the  8cre«n,  whith  is  very  beiieflciiil.  Its  use  not  only  keeps  the  fry 
clean  even  iu  muddy  water,  but  also  reduces  the  loss  of  fry  from  suGfo- 
catioQ  in  the  early  stages,  caused  by  their  baukiug  aroaod  the  vertical 
screens,  and  obviates  the  necessity  for  trough  covers  to  prevent  jumping, 
SB  trout  rarely  jump  where  the  horizoutal  3creea  has  beeu  adopted. 


U.  Hor 

D.  PamUon  or  hutcbins-triT.. 

E.  Tin  tnij  for  nan  tn  lUBditT  « 

F.  Biwjk  fuF  waur  U  (UI  oi 

G.  UraokstH. 


lltitHiiDg-troiiglis,  Guard-screen,  etc. 

Hatching-trays  ((J),  made  about  twice  as  long  as  wide,  i.  e.,  28  by 

13J,  are  couveuient  to  handle  and  adi"8t  in  the  troughs.    The  sides 

of  the  frame  are  made  of  good  pine  lumber,  dressed,  1  inch  square; 

the  ends  are  dressed  ^  by  I  inch,  and  are  cut  into  the  sides  to  form  a 
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Four  hatcbing-trays  are  placed  in  each  trough  and  are  secured  by 
keys  or  wedges,  and  shouhl  be  from  1  to  2  inches  lower  at  the  end  next 
to  the  head  of  the  trough,  as  shown  at  D,  D,  D,  D,  page  68.  If  placed 
ill  this  way,  each  tray  will  hold  from  12,000  to  15,000  eggs  with  safety. 
Muddy  water  during  the  hatching  season  necessitates  the  use  of  a  tin 
tray  with  a  i)erforated  bottom  (shown  at  E,  page  68),  which  is  VSj  inches 
wjdeaud  32  inches  long.  This  sets  inside  of  the  hatching-trongh  on 
feet  raising  it  an  inch  above  the  bottom  of  the  trough.  The  hatching- 
tray  containing  the  eggs  is  placed  inside  and  rests  on  the  brackets 
shown  at  G.  The  fish,  as  they  hatch  out,  fall  IVom  the  hatching-tray 
upon  the  i)erforated  bottom  of  the  tin  tray,  and  by  their  movements 
work  the  sediment  through,  leaving  them  on  a  clean  bottom  and  in  no 
danger  of  being  smothered.  The  tin  trays  are  also  useful  in  counting 
fish,  or  in  holding  small  lots  of  fish  of  different  sx)ecies  in  the  same 
trough.  Where  supplementary  trays  are  not  used,  the  fry  fall  directly 
into  the  troughs. 

Troughs  15  feet  long  will  admit  of  four  hatching-trays  in  a  single 
row,  each  of  which  will  safely  carry  12,500  eggs,  making  50,000  to  a 
trough;  this  is  enough  to  work  easily,  but  if  it  is  necessary  to  make 
more  room  a  double  row  of  trays  may  be  put  in,  one  tray  resting  on 
the  top  of  the  other.  Thus  the  trouj*:h  could  contain  100,000  eggs  as 
its  full  capacity.  The  troughs  will  carry  this  number  up  to  the  time 
of  hatching  by  placing  the  trays  lower  at  one  end  than  the  other,  as 
previously  described. 

When  the  hatching  stage  arrives,  two  trays  of  12,500  eggs  each  are 
as  many  as  should  be  left  in  one  trough ;  with  this  number,  by  using  the 
horizontal  sliding-screen  in  the  upper  end,  there  is  but  little  danger  of 
the  alevins  congregating  and  smothering  in  any  part  of  the  trough.  If 
it  is  necessary  to  hatch  a  much  larger  number  than  this  in  one  trough, 
the  sliding-screen  is  so  arranged  that  the  water  falls  well  up  against 
the  end  of  the  trough.  This  is  done  by  raising  the  screen  and  turning 
it  back  against  the  reservoir,  or  by  putting  in  a  wedge  shaped  block  for 
the  water  to  fall  u])on,  turning  the  thin  side  of  the  blo<*k  toward  the 
upper  end  of  the  trough.  Fifty  thousand  trout  have  been  hatched  in 
one  trough  prepared  in  this  way  without  loss  from  suffocation,  but  it  is 
not  advisable  to  hatch  such  a  largo  number  together. 

The  amount  of  water  necessary  for  hatching  and  rearing  depends 
.upon  the  temperature  and  the  manner  in  which  the  water  is  applied. 
The  warter  should  receive  as  much  aeration  as  possible  before  entering 
the  compartments  cx)ntaining  the  fish  and  eggs.  At  Wytheville,  where 
there  is  an  even  temperature  of  water  of  rhr^in  the  hatchery,  about  the 
following  quantities  are  used  in  the  troughs  containing  fish  and  eggs: 

100,000  o«;g»  during  iiK'iiltjititm,  12.1  jxallons  per  ininnto. 
100,000  fish  lisitchiug  to  time  of  fetMliiig,  :50  «:iill<»ii8  ]>cr  ininuto. 
100,000  IihIi  from  1  to  4  iiionthM  old,  50  ^alloiin  per  iiiinnte. 
lOO/KX)  lisli  (  to  <>  months  old,  100  ^rjillous  jxt  minnte. 
100,000  fish  from  6  to  12  months  okl,  200  callous  per  minute. 
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These  amounts  are  ample,  and  probably  even  half  would  sufiice  if  it 
were  neccasary  to  economize  in  the  use  of  water.  In  rearing-ponds 
more  wiiter  is  reciuired,  as  the  tiirculation  is  not  no  good  and  the  out- 
door eiposure  causes  the  temperature  to  rise.  If  water  is  plentiful, 
double  the  amoantfi  stated  would  be  advisable  for  poud-cnltare. 

Dnrinff  the  last  two  seasons  at  Wytheville  80  to  85  per  cent  of  the 
eggs  taken  produce*!  Bsh,  of  which  about  70  per  cent  were  raised  to 
three  months  old  and  5»  per  cent  to  yearling  fish.  The  loss  in  eggs 
was  almost  entirely  due  to  failure  in  impregnation,  very  few  being  lost 
ftom  other  causes. 

CARE   OF  BOGS  AND  FBY. 

After  the  eggs  are  placed  on  the  trays,  the  only  attention  necessary 
until  the  hatching  begins  is  to  keep  them  clean;  the  dead  eggs,  which 
may  be  known  by  their  turning  white,  must  be  picked  out  at  least  once 
each  day.  Aft«r  the  eye-spot  can  be  plainly  seen  it  ia  well  to  run  a 
feather  through  the  eggs  for  the  purpose  of  changing  their  position 
on  the  trays,  and  to  disclose  any  foreign  matter  or  dead  eggs  that 
may  be  hi<Men  underneath.  The  greatest  care  should  be  exercised  iii 
handling  the  eggs  at  any  time,  particulaxly  from  tlie  first  or  second  day 
after  collection  up  to  the  appearance  of  the  eye-spot,  and  then  ouly  when 
absolutely  necessary.  During  this  period,  the  eggs  are  very  delicate, 
and  even  passing  a  feather  among  them  may  cause  a  heavy  loss. 

The  time  required  for  hatching  depends  mainly  upon  the  temperature 
of  the  water.  Bainbow  trout  eggs  will  hatch  iu  water  at  50°  in  fi-om  42 
to  45  days,  each  degree  colder  taking  5  days  longer,  and  each  degree 
warmer  5  days  less;  the  difference  increases  as  the  temperature  falls 
and  diminishes  as  it  rises. 

After  the  fry  hatch  they  require  but  little  attention  until  the  umbil- 
ical sac  is  absorbed  and  the  time  for  feeding  arrives.  They  are  exam- 
ined each  day,  and  the  dead  fish  and  decayed  matter  removed  from 
the  troughs,  which  are  kept  perfectly  cleau,  and  if  possible  provided 
with  a  thin  layer  of  coarse  white  sand  on  the  bottom,  to  keep  the  fish 
in  healthy  condition.  As  the  flsh  grow  they  should  be  thinned  ont  iu 
the  troughs,  from  time  to  time,  as  tlieir  size  may  require.  When  they 
first  begin  to  feed,  13,000  to  15,000  fish  to  the  trough  are  not  too  many; 
but  by  the  time  they  get  to  be  IJ  tolj  inches  long  they  must  be  divided 
into  lots  of  8,001)  to  10,000  to  each  trough;  while  with  fish  averagings 
inches  in  length,  3,000  to  4,000  are  as  many  as  one  trough  will  accom- 
modate.   It  is  advisable  to  give  as  much  room  as  is  practicable. 

BBABING-POXDS. 
Ponds  for  rearing  trout  are  from  8  to  12  feet  wide,  and  of  any  desired 
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hillside,  one  above  the  other,  with  earth  and  piling  embankments  on 
the  lower  sides  and  at  the  ends.  A  pond  of  this  kind  is  shown  in 
plate  23,  and  is  the  one  here  described.  Various  materials  may  be  used 
for  damming  the  water.  The  embankments  may  be  made  altogether 
of  earth  or  lined  with  stone,  brick,  cement,  or  timber,  according  to 
dicmnstances.  Where  the  ground  is  of  a  porous  or  loose  formation  it 
is  necessary  to  use  piling  or  cement  for  the  inside  of  the  embankments 
and  possibly  cement  for  the  bottoms,  but  earth  bottoms  are  best  where 
the  nature  of  the  ground  permits.  The  water  enters  the  pond  at  one 
end  and  discharges  from  the  lowest  opposite  corner.  The  bottom  is 
graded  as  shown  in  the  cross-section,  plate  23,  with  a  slope  toward  the 
outlet,  so  that  when  all  the  water  is  drawn  out  the  fish  are  led  into  the 
receiving- trough  (C),  the  top  of  which  is  flush  with  the  earth  bottom  in 
that  part  of  the  pond. 

The  outlet  for  the  water  is  an  L-shaped  pii)e,  shown  at  F,  and  is 
placed  in  the  comer  of  the  pond,  the  long  end  passing  through  the 
piling  and  underneath  the  pond  embankment;  the  short  end,  called 
the  standpipe,  stands  close  to  the  inside  corner  of  the  pond,  in  an 
apright  position.    The  standpipe  has  two  or  more  holes  cut  through 
(6)  on  the  side  next  to  the  receiving-trough,  to  let  the  water  pass  out 
in  drawing  down  the  pond.    The  size  of  these  holes  is  in  proportion  to 
the  size  of  the  standpipe,  which,  in  turn,  is  governed  by  the  size  of  the 
pond.    The  holes  may  have  blocks  of  suitable  size  tacked  over  them  to 
allow  the  i)ond  to  fill  with  water,  or,  what  is  more  convenient,  covered 
with  blocks  arranged  to  slip  down  in  grooves,  one  block  resting  on  the 
other.    Surrounding  the  standpipe  is  a  crib,  the  front  of  which  is  15 
inches  or  more  from  the  pipe  and  contains  an  opening  for  a  guard- 
screen,  which  is  14  to  16  inches  wide  and  made  with  copper  or  galva- 
nized wire  cloth,  the  size  of  the  mesh  depending  on  the  size  of  the  fish 
in  the  pond.    In  the  bottom  of  the  pond  is  a  receiving-trough  (C)  for  the 
fish,  built  in  i)roportion  to  the  size  of  the  pond;  10  feet  long,  IC  inches 
wide,  and  6  inches  deep  is  a  satisfactory  size  for  a  pond  like  the  one 
described.    This  trough  extends  to  and  connects  with  the  stand]>ipe, 
and  the  guard-screen  is  arranged  to  tit  down  on  the  inside.    Every 
part  is  made  secure,  to  prevent  fish  from  escaping  when  drawing  off  the 
water.    The  supply-trough  or  pipe  is  arranged  to  keep  the  fish  from 
jumping  into  it  from  the  pond,  as  shown  at  A. 

STOCKING   THE   REARING- PONDS. 

The  rearing-ponds  at  Wytheville  are  stocked  gradually,  5(K)  to  1,000 
fish  being  placed  in  the  pond  and  trained  to  take  food  before  more  are 
added,  as  that  number  dan  generally  find  enough  natural  food  to  sub- 
sist upon  until  they  learn  to  take  artificial  food.  When  they  have  been 
accustomed  to  hand-feeding  another  1,(KM)  fish  are  added,  and  in  about 
ten  days  2,000  more,  this  practice  being  continued  until  the  pond  is 
stocked  with  the  desired  number.    When  fisli  are  first  released  in  i)onds 
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th«y  are  wild  and  ran  sway  from  tbe  foocl  giTeti  them ;  Itenoe  tbe  neces- 
Bity  of  leacIiiD^  a  few  tish  to  eat  before  more  are  ndde^l.  Tho  iinmter 
oflisti  tliat  a|>otidof  :i  pvpii  ^lizr  eau  support  depend«  a|>OD  tlie  ainounl 
of  water  and  shade  and  the  temperatnre  of  the  former.  Tan  tboosand 
fish  are  ample  for  a  poud  10  by  50  feet,  with  water  deepening  ttoa  S 

incltt-ii  to  :t  feet. 

_.  FOOD    FOK    FRY. 

■  B«ef  or  iheep  llvw,  gronnd  or  chopped  to  a  palp,  smoM  tD<U  flie 
tBOMt  satisfactory  artiflvial  food  for  younf;  tn>ut.  Frrab,  b«d^l)eile(l 
cgfTti-  Rratetl  One,  are  good,  but  expeuMive.  Efforts  bavH  boea  mode  t>i 
proflore  a  natural  or  liviu;;  footl,  such  as  inflect  larvu'  and  funall  unix 
taceans,  and  this  may  yet  be  ai.'Com pitched  for  lute  sprinp  nud  MttBDier 
feetlinf;:.  bat  for  feeding  the  fry  during  the  tlrst  three  or  Ibur  tDontbdof 
their  lives,  which  ta  in  the  winter  season,  there  in  nothing  better  Uiaii 
liver.  Shn<l  and  herring  roe,  put  iiii  in  xealed  tin  cnn»,  have  bc«n  used 
to  a  limited  extent  with  sstisfnetoiy  resalts,  and  it  \»  bctiuvod  tliJit  thcj 
will  rarnisb  a  wholesome  and  natural  diet. 

The  manner  of  feeding  young  fr>'  is  very  important,  as  tlie  losses  from 
improjwr  feeding  are  greater  than  from  all  other  causes  combined.  If 
there  is  undue  baste  (he  water  becomes  ijollnted,  or  the  food  is  so 
distributed  that  some  tlsh  are  prevented  fW>m  getting  their  proper  share. 
Pollnted  wat«r  is  very  injurions  to  tlio  young  lish,  b«inj(  apt  to  protlucc 
inlliimmiition  of  the  gills  and  a  slimy,  ite.hiog  condition  of  the  skin, 
which  often  causes  heavy  mortality. 

The  fry  are  ready  to  take  food  as  soon  as  tbe  sac  is  absorbed,  tUo 
time  reijniied  for  this  depending  apon  the  growtli  of  the  fish,  which  is 
gnverneil  by  the  temperature  of  the  water.  Where  tbe  tempuratnxe  is 
regnlar  at  53^  they  nill  bike  food  in  about  30  days  after  hatching,  aud 
the  time  to  commence  feeding  may  bo  closely  determine*!  by  watching 
tbe  movements  of  the  fish.  Before  tbe  sac  is  entirely  absorbed  they 
will  begin  to  bre:ik  up  the  school  on  tbe  bottom  of  the  trough  and 
sratter  tbrongh  the  water,  rising  higher  and  higher  from  the  bottom 
cncb  day,  until  tbey  can  balance  themselves  gnu-efutly  in  a  hori:u>iil»I 
position,  all  heading  against  tbe  current  and  swimming  well  up  in  tho 
water.  By  dropping  some  small  bits  of  cork  or  the  nap  from  red  flannel 
on  tbe  surface  of  the  water  it  can  be  determined  if  they  are  ready  for 
food;  if  they  strike  nt  the  pieces  as  the  current  carries  them  dowii  it 
is  evident  tbey  are  hungry. 

The  liver  is  prepared  by  chopping  it  very  lino  and.  if  nece6sary, 
mixing  it  with  water,  in  order  Ibat  it  may  be  distributed  evenly.  It 
8li(ni!ii  Ijc  given  to  the  llsh  by  dipping  a  feather  into  the  liver  and 
(•enll.v  skimming  it  over  tbe  snrface  nf  tbe  water.  After  the  fish  grow 
lo  III-  1  (  lo  IJ  inches  limy  fliey  begin  to  take  np  tlie  food  that  settles 
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learn  to  take  their  food  fW>m  the  bottom  of  the  trough  it  is  necessary 
to  feeil  them  only  three  times  daily,  but  more  food  must  be  given  at 
each  meal. 

POOD  OF  ADULT  FISH  AND  YEARLINGS. 

In  domestication  the  rainbow  trout  is  preferably  fed  upon  a  meat 
diet  altogether,  if  it  can  be  had  plentifully  and  sulliciently  cheap; 
otherwise  a  mixture  of  liver  and  mush  may  be  used  advantageously. 
The  mush  is  made  by  stirring  wheat  shorts  or  middlings  in  boiling 
water  until  the  mixture  becomes  thick;  it  will  keep  for  several  days, 
even  in  warm  weather,  if  put  in  a  cool  plaee.  The  liver  is  ground 
or  chopped  fine  and  mixed  thoroughly  with  the  mush  in  any  desired 
l)roiH)rtion  up  to  four-fifths  of  the  whole,  hut  it  is  better  to  mix 
only  as  needed.  This  mixture  has  been  used  satisfactorily  for  many 
years. 

A  meat-chopi)er  may  be  obtained  for  grinding  liver  which  will  do  the 
work  in  an  excellent  manner,  leaving  no  strings  or  gristly  chunks  to 
choke  the  fish.  There  are  several  sizes  of  the  machine  made,  with  extra 
]>erforated  plates  having  different-sized  holes,  from  one-twelfth  to  one- 
fourth  of  an  inch  in  diameter,  so  that  the  meat  may  be  prepared  coarse 
or  fine,  to  suit  the  size  of  the  fish  to  be  fed.  For  small  fry  it  is  neces- 
sary to  use  the  plate  having  the  smallest  holes  and  to  grind  the  food 
over  several  times  until  fine  enough  to  use. 

The  practice  of  throwing  food  into  the  pond  in  hjindfuls  causes  the 
fish  to  come  together  in  great  numbers  and  in  a  violent  manner;  and 
struggling  with  open  mouths  to  get  a  bite  of  the  food,  they  often  hurt 
each  other,  injure  one  another's  eyes,  sometimes  even  ])lucking  them 
from  the  sockets.  This  is  probably  one  of  the  main  causes  of  blindness 
among  p<md-fed  fish. 

The  most  approved  method  of  feeding  is  to  walk  along  tiie  pond  its 
entire  length  to  the  upper  end  (the  iish  will  soon  learn  to  follow  to  that 
point),  then  scatter  a  handful  of  food  along  the  surface  of  the  pond  so 
that  it  will  fall  to  pieces.  The  fish  follow  and  take  np  what  has  been 
thrown  out  and  then  return  to  watch  for  the  next  handful,  and  the 
operation  is  rei)eated  until  suthcient  food  is  given.  This  manner  of 
feeding  induces  all  the  fish  to  head  in  the  same  direction  while  eating, 
thus  reducing  the  danger  of  injury. 

The  amount  of  food  for  a  given  number  of  trout  de])ends  upon  the 
size  of  the  fish  and  the  temperature  of  the  water,  as  iish  will  not  take 
food  as  freely  in  water  of  a  low  temperature  as  in  warmer  water.  With 
water  from  50°  to  CO^  a  daily  ration  for  1,000  yearling  Iish  ranging 
from  l\  to  i>  inches  in  length  is  about  :f  of  a  ])ound;  while  for  the  same 
number,  8  to  113  inches  long,  about  12  pounds  ])er  day  are  required. 

As  the  fish  increase  in  size  the  amount  of  food  should  hv  increased 
proportionately.  They  are  fed  twice  a  day  at  regular  hours,  morning 
ami  evening,  giving  half  of  the  daily  allowance  each  time.  This  keeps 
them  in  a  thrifty  and  growing  condition. 
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CroBS40Ctioii  tbrougL  Box  after  it  liaa  Imcd  packeil  and  cloeeil. 


PACKING  BGOS  FOE  SHlPStENT. 

In  packiDg  trout  eggs  for  shipment  they  are  usually  placed  on  trays 
and  packed  in  wet  moss  and  the  eggs  divided  into  from  five  to  ten  equal 
parts,  according  to  the  size  of  the  shipment,  nsing  trays  of  suitable 
size  to  hold  each  part.  Tf  30,000  eggs  are  to  be  shipped,  teu  trays  are 
used  large  enough  to  contain  3,000  eggs  each;  if  15,000  eggs,  ten  trays 


A.  Egg-tray, 

ri..^iH)fL'L-si'!tfi]:  in.onof. 


B.  FoaDilntiOD-boord. 
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by  the  vwgbt  above,  and  if  less  than  five  trays  are  naed  in  a  shipment 
tlie  package  is  liable  to  become  dry,  and  the  eggs  reach  their  destina- 
tion either  dead  or  in  a  shriveled  condition. 
The  frames  of  the  trays  are  made  of  light,  soft  wood  dressed  to  |  by 

}  of  an  inch,  with  a  soft  oanton-tlantiel  bottom  tightly  stretched  and 

welltBckedon.   Thetrays 

are  made  large  enough  to 

contaiD  their  proportion 

of  the  eggs,  with  an  allow- 
ance of  %  of  an  inch  be- 
tween Uie  eggs  and  the 

frame  of  the  tray.  Afonn- 

dation-board  (B)  is  made 

with  the  same  outside  di- 
mensions as  the  tray,  with 

a  strip  nailed  around  the 

edge  on  the  upper  side  to 

form  a  coshioii  of  moss 

for  the  bottom  tray.    A 

hopper  for  ice  (C)  is  used 

on  the  top  tray.    The  out- 

tide  case  (E)  is  made  7  to 

8  iuclies    larger   on   the 

sides    (iuaide    meatiare) 

and  5  inches  deeper  than 

the  outside  dimensions  of 

all  the  trays  after  they 

are  cleated  together,  in- 
cluding tLe  hopper  and 

the  foundation -board,  as 

shown  at  D. 
The  trays  having  been 

prepared,  the  eggs  are  se- 
lected, those  being.taken 

which  show  eye-siiots  and 

are  not  too  old  to  reach 

their  destination   bi'fore 

the    time    for    hatching. 

Allowance    is    made   for 

changes   in   tem]>eratnre 

on  the  road  which  would 

cause  tbem  to  butch  too 

soon. 


'.  Y^ffg-tiaya  packed  iiiid 


The  eggs  are  taken  from  the  lisitrhing  IniyH  in  puns,  woll  cleaned  of 
allsodinioiit,  nml  given  n  slight  coneiissiori  byallowinn;wiit(.'rto  fall  ou 
tbem  from  a  nmnll  spout  or  sjiiiiiklin^  pot,  wliidi  caUKeH  the  dead  and 
anfertilized  eggs  to  turn  whitt',  Mhcn  they  arc  ciirolully  rumoved.    Tlie 
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^ggs  are  then  accurately  weighed  or  measured  {I  ouiice  may  be  wpighed 

Hiid  muuted,  or  the  eggs  for  oue  tray  counted  and  tbeu  weight'd)  and 

the  ref|iiired  number  |daced  in  a  single  layer  in  the  middle  of  the  tray, 

leaving  an  emjity  i>pace  nil  round  noxt  to  the  frame. 

The  tiaya  are  then  pUtced  one  above  the  other  on  the  toundatiou- 

^^      board,  after  each  is  covered  with  a  piece  of  mosquito  netting,  whii-h 

^K     Bhonid  be  at  least  2  inches  larger  eatU  way  than  the  tray,  and  the 


tray  is  filled  with  wet  moss,  the  part  immediately  over  the  eggs  in  a 
loose  manner,  the  empty  apace  around  the  eggs  packed  tight.  This 
gives  support  to  the  next  tray  above  and  prevents  the  eggs  from  com- 
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in  the  bottom  of  the  box  to  a  depth  of  aboat  3  inches  and  the  crate 
of  trays  placed  as  near  the  center  of  the  box  as  possible.  The  sides 
are  well  jmcked  to  hold  it  firmly  iu  position,  and  when  tlie  top  of  the 
hopper  is  reached  with  the  packing  it  is  well  filled  with  ice,  the  remain- 
ing space  in  the  box  being  filled  with  moss.  Wet  moss  or  wet  packing 
of  any  kind  should  never  be  used  fur  the  cushion  around  the  egg-crate, 
as  it  does  not  preserve  an  even  temperature  and  is  liable  to  freeze  solid 
if  exposed  to  a  low  temperature  in  transit.  A  cross-section  of  the 
box  thus  packed  is  shown  on  page  74. 

The  box  containing  the  eggs  should  be  provided  witti  handles  to 
facilitate  moving  during  transportation,  iu  order  that  the  liability  to 
injury  from  jarring  or  concussion  may  be  reduced.  For  a  long  journey 
the  lid  of  the  box  is  provided  with  hinges  and  hasp  and  staple,  so  that 
the  ice  may  be  easily  renewed.  Eggs  packed  as  described  above  have 
been  shipped  with  safety  to  all  parts  of  the  United  States  and  to  for- 
eign countries. 

DISEASES  OF  FRY   AND  ADULTS. 

The  most  common  diseases  of  trout  fry  are  the  inllammation  of  their 
gills  and  a  slimy  skin  disease,  which  may  be  caused  by  impure  water; 
the  food  itself  may  produce  it,  especially  if  stale  liver  is  used,  but  it 
generally  follows  fouling  of  the  water  while  feeding.  By  watehing 
the  movements  of  the  fish,  the  symptoms  of  disease  can  generally  be 
detected  before  it  reaches  an  alarming  stage.  If  tlie  gills  are  affected 
the  fish  will  usually  swim  high  in  the  water  in  an  uneasy,  restless  man- 
ner, as  if  gasping  for  breath,  and  when  this  is  observed  the  gills  must 
be  examined  to  see  if  they  are  becoming  iutlamed  and  swollen.  If  a 
skin  disease  is  attacking  the  fish,  they  generally  indicate  it  by  rubbing 
themselves  on  the  bottom  of  the  trough  or  against  anything  that  may 
be  cx)nvenient,  or  by  diving  down  and  giving  themselves  a  quick,  twist- 
ing motion  against  the  bottom  of  the  trough.  If  the  progress  of  dis- 
ease is  not  promptly  checked,  it  will  soon  reach  a  stage  where  nothing 
can  be  done,  and  the  fish  grow  weaker  every  day  until  they  begin  to 
die  in  alarming  numbers.  One  of  the  best  remedies  for  both  diseases 
is  salt  sprinkled  through  the  water  after  the  ponds  are  drawn  low,  and 
for  a  bad  case  of  skin  disease  a  half  ])int  of  salt  for  every  gallrm  of  water 
iu  the  tnnigh  is  used,  or  about  that  proportion.  The  fish  should  be 
watched  closely  and  aHowed  to  remain  in  the  salt  water  until  they 
become  restless  and  begin  to  turn  on  their  si<les.  Then,  as  fresh  water 
is  turned  on  and  the  trough  iills,  a  slime  will  arise  and  fioat  on  to])  of 
the  water,  like  a  white  scum.  Coarse  sand  shouhl  be  kei)t  in  the  trongh 
f(W  the  fish  to  rub  themselves  against.  Salt  is  also  good  for  the  dis- 
eased gills  and  will  free  them  from  adhering  sediment. 

Fungus,  *'blue  swelling,''  and  other  diseased  conilitions  sometimes 
occur,  but  the  most  serious  diseases  of  the  fry  are  those  Just  describe<l. 
Parasites  sometimes  attack  the  fish,  but  if  the  water  is  imre  and  the 
fish  in  a  healthy  condition,  they  are  not  troublesome.    To  keep  the  fish 
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Uiat  are  raised  in  troaghii  and  tauka  iu  a  healtby  atat«,  it  is  well  to  giFsl 
tliem  a  xalt  liath  omra^ionally,  ami  a  smalt  quantity  of  salt  in  tbeir  food 
vill  at  times  do  tliein  good.  A  little  sodiment  trom  tbe  resenroir,  or 
8nch  as  collects  on  stones  in  tlie  streams,  is  beneficial  to  Ssb  if  muied 
witli  their  food.  It  seems  proiter  that  they  shoald  have  something  of 
this  iintore,  since  all  or  nearly  all  of  their  natural  food  contains  more 
or  less  sediment  of  the  kind. 

A  very  serious  disease  among  adult  rainbow  tront  shows  the  follow- 
jng  symptoms:  Tbe  aMicted  tlsb  refiise  to  taike  food,  and  very  dark 
spots.  tVom  J  tol  inch  in  diamet*r,up|)earondifferent  parts  of  tbe  body, 
Tarying  in  number  fVom  two  or  three  op  to  twenty  or  thirty  on  each 
flsfa  affectetl,  a  light  spot  about  the  size  of  a  green  pen  appearing  on 
tbe  head  immediately  over  tbe  brain.  Tlie  fii*li  become  restless  anil 
seek  the  shallow  water  in  the  corners  of  the  pond,  biding  among  tlie 
plants,  and  begin  to  die  within  twenty-four  hours  tVom  tbo  time  tlie  dis- 
ease is  noticeable.  Tbey  jump  and  dart  around  in  tbe  water  iu  a 
frightened  manner,  settling;  back  on  their  tails  and  sinking  to  the 
bottom  of  the  pond  in  their  last  strnggles.  This  disease  made  its 
api>earance  at  Wytheville  in  December,  1895;  it  was  first  obwrvrf 
among  a  lot  of  637  yearling  Von  Behr  or  brown  tront  that  bad  been 
delivered  at  the  station  on  November  '29.  The  first  sign  of  tbe  disease 
was  noted  about  the  5th  of  December,  and  by  the  12tb  of  tbe  monlh 
455  of  tbe  G37  fish  were  dead. 

These  fish  were  in  tbe  nursery  during  the  first  stages  of  the  dia- 
eaiie.  Tlie  water  in  which  tbey  were  held  passed  from  them  throngh an 
empty  pond  into  a  second  one  containing  abont  1,000  large  rainbow 
tront  that  had  recently  been  stripped  of  tbeir  spawn.  On  tbe  morning 
of  December  23  tbo  disease  made  its  appearance  among  the  latter,  and 
by  4  o'clock  in  the  afternoon  of  the  same  day  5G  of  them  bad  died. 
Salt  was  applied  and  the  water  iu  tbe  pond  was  drawn  down  to  about 
300  gallons,  and  1.50  pounds  of  common  salt  were  sprinkled  evenly 
through  it.  The  fish  were  allowed  to  remain  in  this  brine  about  15 
minutes,  when  tbey  showed  signs  of  weakening  by  turning  on  their 
sides;  then  freshwater  was  turned  on  freely.  Good  results  were  at 
once  noticeable,  the  flsb  became  quiet  and  appeared  to  rest  more  easily, 
and  steadily  improved,  another  application  not  being  necessary.  The 
final  result  was  that  70  per  cent  of  the  adult  rainbow  trout  that  had 
been  treated  with  salt  were  saved,  while  of  the  yearling  brown  trout 
that  were  not  thus  treated  nearly  714  per  cent  died. 

Foul  ponds  cause  disease,  and  if  the  tlsb  become  sick  from  this  reason, 
they  must  be  ramoved  to  a  clean  pond  at  once  and  given  a  salt-and- 
clay  bath,  which  is  applied  as  follows:  While  tbe  salt  bath,  before 
described,  is  being  given,  2  or  3  bnshels  of  clay  are  placed  in  the 
reservoir  or  supply- trough,  and  wlien  tbo  fresh  water  i»  tunied  on  after 
salting,  the  reservoir  is  flushed  for  -tO 
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Adult  flsh  are  very  liable  to  be  affected  with  fungas,  which  generally 
)pear8  after  a  braise  or  hartj  or  when  the  fish  are  in  an  emaciated 
»ndition.  If  the  trouble  results  from  an  ii\jury,  it  can  often  be  cared 
ifore  it  spreads  to  the  sound  flesh,  but  if  fungus  spreads  like  a  slimy 
eb  all  over  the  flsh^  it  is  fatal.  Fish  must  be  handled  very  carefully 
oring  the  spawning  season  to  prevent  scarifying  the  body  in  any  way, 
Bthey  are  especially  susceptible  to  fungus  at  that  period.  Should  it 
ocur,  the  fish  must  be  caught  at  once,  rubbed  with  salt  on  the  affected 
art,  and  then  released  in  a  pond  or  tank  by  itself,  where  it  can  be 
ftught  for  further  treatment  in  a  day  or  two,  while  those  aifecte4  all 
ver  the  body  should  be  killed  and  thrown  out  at  once. 
"Glassy  eggs^  may  be  the  result  of  overretention  of  the  eggs  on  the 
«rt  of  the  parent  fish.  If  the  eggs  are  not  delivered  within  a  reason- 
ble  length  of  time,  say  from  36  to  48  hours  after  tliey  fall  from  the 
varies  into  the  abdomen,  they  are  surrounded  with  a  thin  watery  fluid, 
aving  a  glassy  appearance,  which  if  allowed  to  come  in  contact  with 
^ater  will  change  to  a  milky  white,  and  the  eggs  absorbing  this  fluid 
ecome  hard  and  <<  glassy,"  after  which  fecundation  is  impossible, 
[any  thousand  eggs  have  been  lost  annually  on  this  account,  and  many 
rood  fish  lost  or  rendered  worthless  from  the  same  cause.  The  fish  in 
iiptivity  will  not  spawn  of  their  own  accord  unless  they  have  access 
)  gravel  or  earth  in  which  to  make  nests.  If  attention  is  not  given  to 
le  spawning  fish  and  their  eggs  taken  when  ripe,  they  soon  become 
)Tj  dark  in  color,  the  abdomen  swells,  and  sometimes  the  head  will 
large,  causing  the  eyes  to  protrude.  Under  these  conditions  the  fish 
11  die  in  a  few  days,  but  with  free  and  easy  access  to  the  raceway 
ey  will  not  often  be  thus  affected. 


THE  BROOK  TROl'T. 


DKSCRIPTIuX   OF  THK  PISH. 


T)ie  brook  trout  or  Rpei-kled  trout  [tialriiiHus  fontinalit)  is  one  of  tlu 
most  beiititirul,  aotive,  iiuil  widely  distributed  of  the  American  tmiU 
It  iirelVrx  cluar,  cold,  rajiid  ^tmiiim,  and  belongs  to  that  gronpttf  tmnt 
kiiiin-ii  a:<  i-hurrs,chani(;t4^ri/<-d  by  the  i)re8ei](;eof  roand  crinuonipoa 
on  tlie  side»  of  the  Irady.  Other  niembvrs  of  this  class  are  tbe  Mfblfng 
ur  cbarr  (N.  olpiiiun}  of  Ktimpe  tmd  Grceiilauil ;  tbe  Sanapee  tnnit  [8. 
alpiiiiiH  rtiirrflim),  Ibuiid  in  parts  nf  Xew  HauipBhire  and  Hafoe;  Ue 
blaebai-k  trout  {S.iHiiiiiiittf]  of  the  Haiit!;ek'y  Lakes  iu  Maine,  and  DoD; 
Varden  trout,  red-s]iotted  trout,  or  ball  trout  (S.  malma)  of  the  Padfle 
Btatos  and  Alai^ka.    Tlie  lake  trout  also  belongs  in  this  groop. 

The  ^eiienil  form  of  till-  brook  troutV  body  varies  considerably,  aoBM- 
tiineii  being  elongated  and  tsoinetiuie.'S  rather  short,  bat  the  nsnal  deptk 
is  about  one-fonrtJi  or  one-litth  of  the  length.  The  bead  is  largeand 
blunt,  aud  is  uoutained  ii  tiine-s  in  the  l>ody  length.  The  lar|^  teriuml 
mouth  is  provided  with  leetlion  the  jit ws,  tongue,  nnd  palale  bones,  and 
also  with  »  smiill  patch  on  t  lie  vomer.  The  eye  i»  placed  high  in  tbe  head; 
itH  diameter  is  about  one-sixtli  the  length  nf  bead.  The  gillrakn*  on 
tln^  lirst  arch  iiuTuber  about  1 7.  of  wliich  1 1  are  on  the  lower  arm.  The 
seales  are  veiy  small  :)iid  namorous:  about  'SM  are  in  the  lengthwise 
sei'L.-s.  anil  lir,  iilx.ve  and  :ir,  Ix'li'w  tlie  lateral  Hue.  The  dorsal  and 
anal  lay.-^  an-   10  anil  H,  resin'clivelj .     The  tail   is  N.|Uare  or  slightly 

'I'lieri'  is  I'onsiderable.  varialimi  in  tlie  color  ol'  ihis  tnmt,  dependent 
oiil.icalr..nilili.iii^  >c\.an.ia;:e.  The  iiead.  back. and  sides  of  tbe bo<ly. 
<|iir>alaiiil  eamlal  liasaioc.r  a  -ravish  .-r -n'Oiish  color;  the  back,  head. 
dor.sul,  and  l>ase  ..C  ea-idal  are  Tnoltled  \sitli  dark  Mieen  or  black.  In 
tlieii.ali>ll.ereisan-d.|i>li  band  al.ui.u  side  ..f  belly.  Along  the  middle 
.d*  (lie  siili-  arc  niiiiicrniis  f.aiiiil  li-liir.-d  >\»>\s  siiiT.innded  by  wliitisli 
ur  liijlit-liiiiwnisli  ciiralar  areas,  Tlic  lower  liiis  are  ilnsky,  with  upale 
.ir  rreani  i-olor  anieriur  lioi.b'r  h.pitmli'd  by  a  bla.'k  sireak:  remainder 
•  il  llii  ol'teii  ]'c<l  ill  lircediii^'  maii's.  The  brook  Irout  nniy  b<4  distiii- 
giiisliedlromlli.-.,llicrel,aris)iylliedark-br.iwiioi-blackmarblingson 
the  back  and  llic  -.■ncrul  ab>ence  ..C  >|.ois  on  thi-bac!.. 

The  [lair  inaiks.  whicli  arc  always  (.n-scni  in  yiaing  tiouts  and  sal- 
mons, arc  ol'lca  ruaiid  in  lar;,',.  |,,',„,|^  troitt.  and  may  I'Veit  be  i>ermanent 
in  a<|iiarinm<a' ixinil  s|>cci]iieiis  and  in  uild  lisli  wjtii  a  restricted  euvirim- 
TMciil.  These  marks,  wliich  in  llie  la'ook  irr.ut  are  alnatt  S  in  number. 
are  btrj,'e,  dark,  verli.al    l.lolchcs  or  bars  cMca.li.ig  along   tin-  ,sidcs. 
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FOOD,  SIZE,  ETC. 

The  brook  trout  has  a  voracious  appetite  and  takes  advantage  of 
every  opportunity  to  satisfy  it  except  in  the  sjjawning  season,  when  it 
takes  no  food  at  all.  It  is  strictly  a  carnivorous  tish,  its  food  consisting 
chiefly  of  Crustacea,  niolhisca,  and  various  forms  of  insects  and  worms. 
When  pressed  with  hunger  it  does  not  hesitate  to  devour  its  own  kind. 

The  size  of  these  fish  varies  in  ditl'crent  Io(;aIities,  usually  in  propor- 
tion to  the  abundance  of  natural  food  and  to  the  size  of  the  body  of 
water  in  which  they  are  found.  They  seldom,  however,  exceed  -  pounds. 
The  Au  Sable  Eiver  trout  will  rarely  run  as  large  as  2.\  to  .5  iKuinds,  but 
in  other  rivers  of  Michigan  larger  examples  are  occasionally  found.  In 
southern  Xew  York  they  seldom  weigh  over  2  ])ounds,  while  in  the 
Rangeley  Lakes,  of  Maine,  tbey  have  been  caught  weighing  10  pounds. 
The  rate  of  growth  also  varies  with  the  surrounding  conditions  and  is 
more  rapid  in  water  of  higher  temi)erature  and  with  a  plentiful  supply 
of  food.  Under  favorable  circumstances  an  average  growth  for  the 
first  year  is  from  J  to  1  ounce,  in  two  years  8  to  10  ounces,  in  three  years 
about  1  pound. 

While  not  of  any  considerable  commercial  inipnrtanre,  the  brook 
trout  is  highly  esteemed  as  a  table  delicacy  on  a<*count  of  the  ilavor 
and  quality  of  its  flesh,  and,  as  it  is  very  game,  it  is  nnich  sought  after 
by  sportsmen.  Those  from  clear,  swiftly  ilowin^  streams  do  not  grow 
so  large  as  those  found  in  <iuiet  and  deeper  waters,  but  are  superior  in 
quality  and  appearance. 

RANGE,   SPAAVNINCi,  KTC. 

The  natural  rsinge  of  the  brook  trout  in  tlu*  Tnited  States  is  from 
Maine  to  Georgia  and  westward  through  tin*  (heat  Lakes  region  to 
Minnesota,  and  in  Canada  from  Labrador  to  tlie  Saskatchewan.  Owing 
to  its  hardy  nature  and  ability  to  adapt  itself  to  new  surroundings,  it 
may  be  successfully  transplanted  into  suitable  streams,  and  has  been 
extensively  introduced  into  waters  to  which  it  was  not  native,  in  Mich- 
igan, Wisconsin,  and  I\[innesota,  many  of  the  watiMS  of  the  llocky 
Mountains  and  the  Paritic  Coast,  the  Eastern  Stat<'s,  and  the  cre«^ks 
and  rivers  of  the  Alleghany  range  of  mountains.  With  the  i)ossiblo 
excey)tions  of  the  rainbow  trout  and  steelhea<l  it  is  the  hardiest  mem- 
ber of  the  salmtm  family  and  will  mak<*  a  bravr  strug;;Ie  for  existence 
even  with  adverse  surroundings.  All  streams  can  not  be  successfully 
stocked  with  this  si)ecies;  the  temperature  of  the  water  must  not  be  to(» 
high  nor  the  flow  too  sluggish,  although  an  uiirav(irabletcni]MMatunM"s 
no  serious  obstacle  if  the  sliced  of  tlie  current  is  great  enough  to  insure 
a  suilicient  aer.ition  c»f  the  water,  or  if  tliere  are  creeks  fed  hy  sjirings 
flowing  into  the  main  stream  to  which  the  lish  can  run.  The  best 
streams  are  those  with  a  gravelly  bottom,  clear  shallow  water,  and  a 
steady  current,  and  waters  to  be  stocked  must  contain  a  suiiicienl 
amount  of  natural  food  and  suitable  places  for  spawning. 
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^1         The  Micliigaii  streams  esetnplify  tbe  practical  resnlts  attained  in 
^1     the  introduction  of  brook  troat  in  new  watem.    Tfae  Au  Sabie  Kiver 
^B     was  long  tbought  to  be  especially  adapted  for  thia  species,  bat  it 
^1      abontided  witli  f^rayliog,  and  iiutil  thii^  beantifiil  fisli  began  to  disappear 
H      no  movement  was  made  toward  introdneing  the  Iiroolt  trout.    The 
^m      lumber  interests  of  that  section  made  it  necessary  to  use  the  river  for 
H      conveying  logs  to  various  points  downstream,  and,  as  tbe  log-dri\iitg 
B      could  be  doQo  only  daring  the  spring  freshets,  it  came  Just  at  the  time 
*        wUco  the  grayling  were  on  their  spawuing-beds.     They  were  driven 
away  and   the  beds  ilestroyed  by  the  plowing  of  Jogs  through  the 
river  bottom  each   year,  till   the  fish  gradually  began  to  disappear. 
The  brook  front  nas  snggested  as  the  proiter  substitute,  because  its 
spawning  season  is  in  the  autumn  wheu  the  river  is  undisturbeil,  and 
the  Michigan  Fish  Commission  began  the  work  by  planting  20,000  fry- 
in  the  year  1885.    Though  additional  plants  were  made  &om  time  to 
time,  both  by  the  Michigan  and  United  States  Commissions,  no  results 
were  observed  for  some  years,  and  it  was  thought  that  the  work  had 
been  a  failure.     Ihit  the  natural  instinct  of  the  fish  had  caused  them 
to  push  from  the  main  river  into  the  small  tributaries,  where  they 
multiplied  and  grew  during  these  years  till  they  Anally  crowded  down 
into  the  river  itself.    Here  they  found  as  suitable  a  homo  as  in  tbe 
small   streams,  and  their  numbers  gradually  inci-eased   till   now  the 
stream  is  completely  .stocked. 

In  the  autumn  of  1895  a  camp  was  eatablished  for  the  United  States 
Fish  Commission  9  miles  below  the  village  of  Grayling  for  the  purpose 
of  taking  spawn  from  wild  fish.  The  work  was  confined  to  rod-and-line 
fishing  until  the  spawning  season  opened,  when  it  was  found  necessary 
to  adopt  some  other  plan,  as  at  this  time  the  trout  refuse  to  feed. 
Daring  the  five  weeks,  iu  which  the  rod  was  used  exclusively,  3,000 
spawning  tish  were  taken.  A  small  seine  was  then  used  for  capturing 
the  fish,  by  hanling  it  at  right  angles  to  the  current  of  the  river,  directly 
across  the  spawning- beds,  which  thickly  dotted  the  river  bottom  in 
some  places.  By  this  method  a  tnbful  of  trout  at  one  haul  was  often 
taken,  ami  during  the  period  the  fish  were  running  between  8,000 
and  10,000  were  obtained.  This  illustrates  the  abundance  in  which 
this  spcciets  is  found  in  a  river  to  which  it  has  been  transplanted,  A 
conservative  estimate  would  place  the  number  of  trout  taken  from 
this  stream  in  tbe  season  of  1895  at  100,000,  perhaps  25  per  cent  being 
rainbow  trout.  Other  waters  of  the  State  have  been  suecessfhlly 
stocked,  so  that  the  northern  half  of  lower  Michigan  now  contains  a 
network  of  trout  streams,  ma^le  hy  introducing  this  fish  into  waters 
where  it  was  not  indigenous. 
In  its  native  haunts,  whether  in  lake  or  stream,  the  brook  trout  is 


MANUAL   OF   FIBH-OULTURE.  83 

deep  pcM)hi  and  eddies  where  it  can  lie  concealed  beneath  the  shelter  of 
grassy  banks  or  logs,  and  see  without  being  seen.  Under  artificial  con- 
ditions it  endares  greater  temperature  than  in  its  native  waters,  where 
it  is  seldom  found  in  water  over  60^  to  65^.  It  thrives  at  much  higher 
temperature  in  swift,  well-aerated  streams  than  in  sluggish  waters. 

The  brook  trout  spa¥ms  in  autumn  during  the  falling  of  the  water 
temperature.  The  season,  which  usually  lasts  about  two  moDths,  begins 
earlier  in  northern  latitudes,  in  the  Lake  Superior  region  in  September 
or  even  August,  while  in  New  York,  New  England,  and  lower  Michigan 
it  commences  about  the  middle  of  October. 

As  the  spawning  time  approaches  the  fish  push  up  toward  the  shal- 
lower waters  where  the  female  selects  a  spot  near  the  bank  of  the  stream 
and  prepares  her  nest  by  washing  out  the  sand  with  her  tail  and  pushing 
aside  the  gravel  with  her  nose.  After  forming  a  slightly  concave  depres- 
sion she  deposits  a  part  of  her  eggs  on  the  newly  cleansed  gravel,  and 
the  male — ^which  up  to  this  time  has  been  playfully  swimming  around 
the  nest — emits  milt  upon  them  almost  simultaneously.  The  female 
then  covers  the  eggs  with  loose  gravel.  The  spawning,  impregnating, 
and  covering  are  repeated  continuously  until  the  eggs  are  all  laid. 
After  the  spawning-ground  is  once  selected  it  is  hard  to  drive  the  fish 
away^  the  female  especially  returning  to  the  same  spot  at  the  earliest 
opportunity.  A  female  has  been  taken  from  her  nest  and  marked  and 
then  returned  to  the  water  a  mile  down  the  stream,  and  the  next  morn- 
ing was  again  found  on  the  same  bed. 

The  eggs  vary  in  size,  but  are  usually  one-sixth  of  an  inch  in  diameter. 
The  number  yielded  by  one  fish  depends  on  its  size  and  age,  yearlings 
usually  producing  from  150  to  250,  two-year-olds  350  to  500,  and  older 
fish  500  to  2,500.  The  time  necessary  for  developing  the  eggs  is  depend- 
ent on  the  temperature  of  the  water,  varying  from  about  125  days  in 
water  at  37^  F.  to  about  50  days  in  water  at  50°  F. 

TROUT-CULTURE  IN  AMERICA. 

The  first  attempt  at  artificial  trout-culture  in  America  was  made  in 
Ohio  in  1853  with  marked  success.  Further  satisfactory  trials  were 
made  in  1855  and  1859  in  Connecticut  and  New  York,  and  in  1864  a 
hatchery  was  established  in  New  York  which  carried  on  the  work  on  a 
large  scale.  Somewhat  later  the  work  was  taken  up  by  the  State  and 
United  States  governments  and  is  now  very  extensively  conducted  in  all 
parts  of  the  country.  The  methods  described  in  the  following  pages  are 
those  which  have  been  found  advantageous  at  the  Xorthville  Station 
and  are  there  pursued. 

SPAWN-TAKING. 

Eggs  are  obtained  from  brood-fish  held  in  ponds  and  from  wild  fish 
obtained  at  a  field  station  located  on  a  tributary  of  the  Au  Sable 
Biver  near  its  junction  with  the  river.  As  the  spawning  season 
approaches,  the  brood-fish  at  the  station  are  sorted  iiccordiiig  to  age 
and  size  and  transferred  to  spawning-ponds,  which  are  seined  once  a 
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WL-ek  for  t'i|>e  flsh  iii  tlra  enrtj'  pKrt  of  tbo  seiAAon  >iu*l  l^tttr  on  tliree 
or  foar  tiinea  ii  w<M!k.  (>ri>at  cwv  in  usim)  In  itiaTiE]iii)ating  tho  aviiie, 
Bud  vrheii  jCm  emlR  are  draivn  up  ou  the  bvuk  tUc  fi»U  ri-u  lrAu«f(>m-d 
witb  dtpiiftafmrnttieltaftof  tbeaviiifl  into  tubs,  van*  buiugtulcBii  uut  to 
o%*cri:rowd  the  tubs.  The  flah  arc  tlicii)  examined :  tbow  which  aru  not 
reiitly  are  returned  to  the  )>0Jid,  while  the  rii>e  maU>»  and  letnales  nro 
plaved  111  Heparati^  laba  or  buckets.  A  good  spawn-taker  oan  tell  at  a 
gloiKie  if  a  feciiale  is  rtjie,  and  only  in  nuch  condition  should  an  attempt 
Iw  mad^  U'  take  her  sggsi.  As  soon  as  tUeac  flnh  have  been  stripped 
and  Mi«  eggs  rprllllxeil,  the  S[ieiit  n^h  are  liberated  in  a  sejiarate  pond 
to  avoid  rehaudlfng  thuui  durlug  the  seaitou. 

Alt«r  thi;  malus  and  roni:ilf«t  are  separar«d,  an  ordinary  milk-pan 
coated  with  asphallum  paint  on  the  inside,  to  prevent  runt,  in  dipptfl 
ill  water  and  allowed  to  drain,  Ivuving  only  the  water  tliiit  ellngit  to  the 
inside.  Taking  a  female  from  the  tub,  Ltie  sjiawii-tuker  IioMk  her  aa 
cioietlf  as  posKible  till  all  Ht^^ggh^s  ct-ittw,  and  Uien  pressing  gently 
with  the  thumb  and  foreflnner  a  Httlo  above  the  ventral  fin»,  passes  hia 
hand  down  the  belly  to  the  ovidnct,  repeating  the  operation  till  all  the 
Hggs  are  extruded.  The  egga  are  iinniMliateJy  impregnates!  with  luilt, 
obtained  teoax  the  male  iu  a  aimilar  ntaiioer,  except  that  oinre  foree  h 
neceaMary  and  the  pre^Hure  i^  tuade  at  a  jiwiul  about  midway  between 
the  ventral  and  anal  Ana. 

I'he  contents  ot  the  pan  are  next  lightly  etirred  with  a  fbatber  to 
injure  inii>regnaiioii  of  all  the  eggs  posaible.  They  now  present  ii 
milky  appearance  and  are  washed  in  as  many  changea  of  water  ns  is 
necessary  t^j  thoroughly  cleanse  them  from  milt  and  refuse,  wben  the 
pan,  half-lilled  with  fresh  water,  is  placed  in  running  water  to  keep 
the  eggs  at  a  low  tfmperatnre.  In  30  to  W  minutes,  M-£ording  to  the 
temperature  of  the  water,  the  Heparaliou  of  tile  eggs  ensues. 
THE  HATdlllNO   AITAEATUS. 

The  apparatus  at  Northville  is  arranged  an  follows:  A  tank  lo  feet 
long,  with  a,  partition  running  its  entire  length,  la  so  placed  that  its 
lower  end  rests  upon  the  upper  end  of  a  Bimilar  one  13  feet  long,  which 
dill'crs  from  the  upper  one  only  iu  that  it  contains  two  Inixes  leas.  Nine 
partitions,  plated  crosswise  of  the  tank,  form,  with  the  lengthwitie 
partitions,  u  double  row  of  eight  compartments,  each  of  which  is  It)^ 
inches  long  and  loA  inches  wide,  and  is  provided  with  a  wiiste-water 
clianncl  or  sluiceway  hsHling  into  the  next  compartment.  In  these 
compiirtments  are  placed  Clark  hatching-boxes. 

Tile  Clark  box  is  1^  inches  long,  14  inches  wide,  and  9^  inchnx  deep, 
and  is  mode  from  f-iuch  dressed  whitewood  lumber.  On  its  under  Hide 
the  box  is  provided  with  feet,  1^  inches  square  aud  ^  inch  thick,  to  allow 
a  free  circulation  of  water  under  it  and  tt)  prevent  it  fram  resting  upon 
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cat  in  one  end  of  the  box  so  that  water  from  the  compartment  above 
can  not  flow  into  the  one  below  without  falling  into  and  passing  through 
this  l)ox.  Upon  the  feet  or  risers  inside  the  box  rest  0  trays,  ]>1a('.ed 
one  uix>n  the  other,  the  end  of  the  box  which  contains  the  slot  fitting 
snugly  against  the  upper  end  of  the  compartment,  in  which  is  fitted  a 
tin  overflow.  The  whole  is  held  in  place  by  a  crossbar  or  binder,  which 
fits  in  |-inch  grooves  cut  in  both  sides  of  the  tank.  The  binder,  resting 
on  the  box,  keeps  it  from  rising  in  the  water,  and  is  provided  with  feet 
so  placeil  as  to  prevent  the  trays  from  floating  in  the  box  itself.  The 
trays  are  perforated  zinc  or  fine  wire  netting,  ta(;ked  on  a  frame  16 
inches  long  and  7  inches  wide  inside  incasurenient,  made  from  J-inch 
pine  1^  inches  wide. 

CARE   OF   THE   EGGS. 

The  eggs  after  separating  are  pla(*ed  in  troughs,  the  bottoms  of  which 
are  covered  with  half  an  inch  of  gravel,  and  heie  tliey  remain  till  the 
eye-8i)ots  begin  to  appear.*  During  this  interval  of  about  30  days  the 
principal  care  consist-s  in  sorting  out  bad  eggs,  and,  with  a  feiither, 
gently  changing  the  position  of  good  ones  to  j»revent  sediment  from 
collecting  on  them.  At  the  expiration  of  this  period  they  are  ready  for 
transfer  to  the  hatching- boxes.  They  are  drawn  oft*  the  gravel  by  means 
of  a  siphon  into  a  tub  or  bucket  which  has  been  half  filled  with  water 
to  i)reserve  them  from  injury  and  then  carefully  dipped  into  a  glass 
graduate,  measured,  and  placed  on  the  hatching-trays.  The  trays  are 
arranged  in  the  boxes  in  stacks  of  nine,  and  5,000  eggs  are  allowecl  to 
each  tray  except  the  top  one,  which  is  left  empty  and  serves  only  as  a 
cover.  The  eggs  from  domesticated  brook  trout  measurer 350  to  450  per 
fluid  ounce,  depending  on  the  age  of  the  fish.  Eggs  from  wild  trout 
collected  in  the  Au  Sable  River  measure  450  to  tlni  f1ui<l  ounce. 

At  intervals  of  from  3  to  0  days  during  the  period  of  incubation,  in 
order  to  remove  the  bad  eggs,  the  trays  are  taken  from  the  boxes  and 
placed  in  a  shallow  picking-trough  through  whieh  a  stream  of  not  more 
than  3  gallons  per  minute  is  flowing.  This  trough  is  only  wide  enough 
to  allow  perfect  freedom  in  handling  the  trays  when  putting  them  into 
or  removing  them  from  it,  and  only  of  suHicient  depth  to  allow  the  eggs 
to  be  fairly  covered.  Nailed  to  the  bottom  on  each  side  is  a  .^-inch  strip, 
1^  inches  wide,  and  running  the  entire  length  of  tlie  trough.  These 
strips  permit  the  free  passage  of  water  beneatli  the  trays,  as  otherwise 
the  water  would  flow  over  the  tops  and  a  great  many  eggs  would  be 
lost.  The  bad  eggs  are  removed  with  twee/ers,  the  labor  being  usually 
IK^rformed  by  girls,  who  become  so  expert  that  one*  girl  will  often  remove 
100  bad  eggs  per  minute. 

After  the  incubation  has  reiM?lie<l  a  stage  where  the  fish  are  begin- 
ning to  break  their  shells,  the  hatching  box  is  taken  out  and  reversed, 


*Tbe  prartire  of  holdinj^  tlio  new  ej^gs  on  |jfrnv<'l  until  tlic  e.v<;-Hpots  bc^in  to 
appear  is  jmrsued  at  Norrlivillo  with  omiuont  siicct'ss.  hut  at  th»  other  trout  hatch- 
eries ot' the  Coinmission,  whcn^  e(|uallv  ^ood  results  are  obtained,  it  is  customary 
to  transfer  the  ej;gH  to  the  liatehiu;;tra>s  as  soon  us  tUey  are  iui\ir<5^T\atQd^  as  ia 
deecrided  Id  the  chapter  on  the  rniuhow  ti'out. 
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the  oi>en  cud  beiii^  fixed  snugly  against  tbe  lower  wall  of  the  compart- 
ment. The  closed  eud  of  the  box  beiug  thus  placed  apstream,  the 
water  is  prevented  from  eutering  except  throngh  its  former  exit,  tbe 
holeit  in  tbe  bottom  of  the  box,  niid  is  thus  forced  ap  tbiongh  the  box, 
with  ail  exit  at  the  top  which  prevents  the  sacs  of  tbe  hatching  fish 
&0U1  being  forced,  by  pressure  fhini  above,  down  through  the  screen, 
aa  would  be  the  case  if  the  box  were  left  iu  its  former  position. 

When  the  process  of  batching  is  nearly  completed  the  trays  are 
removed  nrid  emptied  into  a  large  pan  Ailed  with  water,  where  the  dead 
shells  and  other  refuse,  being  of  low  8]>eclflo  gravity,  rise  to  tbo  top 
aatl  can  Imi  easily  itonred  oB',  This  is  called  washing  tbe  fish.  Tbe  fish 
are  then  re[>laced  U[h>u  the  trays  and  returned  to  the  hatobing-bozes, 
where  they  remain  until  the  food -sac  is  nearly  absorbed,  a  period  of  from 
25  to  40  days,  avconling  aa  the  temperature  varies  from  riO°  to  38°  F. 

The  young  fry,  deprived  of  their  food  supply  by  the  absorption  of 
this  sac,  must  soon  be  placed  where  they  can  get  their  SDStenauce  else- 
where. They  may  be  planted  iu  waters  snitable  to  their  nature,  or 
reared  for  breeding  or  other  purposes  at  tbe  station. 

TBE   FIKLD   STATION. 

The  egg-col  Iccting  Htacion  previously  referred  to  is  on  a  tributary 
of  tbe  Au  Sable,  Howing  about  1,00U  gallons  per  minate.  A  dam  is 
thniwii  itcross  tbe  stream  and  10(>  feet  above  is  a  screen  to  prevent  the 
fiub  from  osi-aping  ui  that  diriHition.  The  dam  is  simply  constructed 
by  biiiikiiig  up  mitd,  sand,  and  turf,  and  has  a  frame  sluii^way  3  feet 
loiijr,  -  IVi't  «-id(!,  and  2  fi'ft  di'L'p.  In  the  shnceway  is  inserted  a 
doubh'  siri'cu  i<f  \-huih  uii'sli  wire  Tiottin^,  two  screens  being  necessary 
to  k('('|j  ilic  "verrlow  clwir  and  ivdure  as  low  sis  (losstble  any  loss  of 
lish  throu^'h  this  oullct.  Thi.-  iiirlosure  acrominodatcs  almut  10,(100 
lisli.  risli  are  ulitaini'd  with  rod  ami  line,  until  they  begin  to  run  from 
the  deep  poipis  upon  tin-  s|>awiiiiij;-groiinds,  when  much  better  results 
art'  olilaint'd  witli  nets.  Witli  an  i)nlinary  .seine  at  tbe  approach  of 
till'  spawning  season,  the  tish  i:an  be  taken  in  large  numbers  from  their 
spiiWLiJiig  beds.  As  the  season  advanies  and  too  many  hsh  are  caught 
that  have  already  sjiawru'd,  operations  are  suspended. 

.\h  siHin  as  ripe  lisli  are  found  among  those  caught  on  the  Spawiiing- 
beds,  till;  iiielosun-  is  liauleil  with  a  seine  ami  the  lish  are  looked  over 
twice  a  wei'k  until  the  eggs  are  taken.  When  the  season  is  fairly  open 
tin- spawn  may  lie  taken  (Voni  most  of  t lie  tisli  hninediately  after  they  arc 
eau;;lit,tliiis  uliviatiiit,'  the  ditlieulty  of  transferriiig  tlieni  from  the  point 
ol'  eajitiire  to  the  iurlosiire,  in  .some  e;ises  ii  ili.stanee  of  .'1  or  4  miles. 

I'\ir  luildiiii:  the  >-ii<^^  two  pairs  ortriiii;rlis  are  jiliired  on  standards 
driven  into  the  bed  of  tin'  stream,  with  a  passage  between  them  wide 
eiioii;,'li   to  adiiiil   a  man.     Tiie  wnli  r  is  reeeived  through  two  1-iiieh 
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openings  feeds  two  troughs,  so  placed  that  the  lower  end  of  the  ui>i»er 
one  rests  apon  the  head  of  the  other,  thus  creating  a  fall  of  nearly  the 
height  of  the  troughs.  Each  trough  is  14  feet  long,  5  inches  deep,  and 
consists  of  a  double  row  of  boxes,  each  box  17  inches  long,  15  inches 
broad,  and  2  inches  deep,  giving  a  capacity  of  from  8,000  to  10,000  eggs. 

SHIPPING  GREEN  EGGS. 

Green  eggs  can  be  safely  moved  at  any  time  up  to  and  including  the 
eighth  day.  They  are  shipped  from  the  Held  station  to  the  hatchery 
in  cubical  boxes  constructed  from  ^-inch  pine  lumber,  just  large  enough 
to  admit,  with  a  surrounding  air  space  of  ^-inch,  19  canton-tiannel  trays, 
18  inches  square  on  the  inside,  the  frames  of  wliich  are  made  from 
|inch  square  white  pine.  The  eggs  are  siphoned  from  the  gravel 
boxes,  as  described  above,  and,  using  a  graduated  dipper  for  the  pur- 
pose of  ascertaining  approximately  the  number  of  eggs  necessary  to 
make  them  about  two  deep  on  the  tray,  the  pucker  ])ours  them  upon 
the  llannel  and  spreads  them  as  evenly  as  possible  with  a  feather. 
The  tray  is  then  placed  in  the  box  and  the  operation  repeated  until 
eighteen  trays  are  filled  with  eggs.  The  nineteenth,  or  top  tray,  is 
usually  left  empty,  but  if  the  weather  is  very  warm  it  is  filled  with  fine 
ice.  The  cover  is  then  fastened  down,  the  box  marked,  and  the  eggs 
are  ready  for  shipment  to  the  hatchery. 

PLANTING  THE  FRY. 

In  their  natural  state,  as  soon  as  the  weight  of  the  foodsac  has 
diminished  by  absorption  enough  to  permit  their  rising,  the  fish  begin 
to  take  food,  and  by  the  time  the  sac  is  entirely  gone  they  are  probably 
taking  it  regularly.  When  very  young  fry  are  transferred  to  outside 
waters  where  there  is  natural  food  only,  it  should  be  done  8  or  10  days 
before  the  sac  is  entirely  absorbed,  for,  if  delayed  till  after  the  sac  dis- 
api>ears,  many  will  die  before  they  become  accustomed  to  finding  food 
in  their  new  home. 

Brook-trout  fry  are  usually  transported  in  ordinary  round-shouldered 
cans  of  10  gallons  capacity,  the  number  of  fish  per  can  depending 
entirely  upon  the  distance  they  are  to  be  carried  and  the  facilities  for 
taking  care  of  them  en  route,  such  as  op])ortuiiities  for  changing  the 
water,  supplying  fresh  ice,  etc.  For  a  short  trip  of  from  5  to  10  hours 
duration,  between  4,000  and  5,000  are  carried  in  each  can,  but  where 
they  are  to  be  on  the  road  from  1  to  5  days,  it  is  hardly  safe  to  attempt 
carrying  more  than  2,500.  The  Commission  distributes  fry  by  means  of 
its  cars,  built  especially  for  the  purpose,  in  which  either  running  water 
is  kept  ui)on  them  or  fresh  air  introduced  into  the  water  to  make  it  life- 
sustaining.  Small  shipments  are  made  by  a  special  messenger  in  a 
baggage  car,  the  railway  companies  usually  ottering  every  available 
opportunity  for  changing  water,  etc.  The  fish,  upon  arrival  at  the  rail- 
way point  nearest  their  destination,  are  carried  thence  by  wagon  to  the 
stream  where  they  are  to  be  planted,  by  distributing  them  in  small  lots 
in  difi'ereut  places  where  there  is  shallow  water  and  a  good  bottom. 
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If  tbe  riy  ftie  to  \>e  reared  for  breeditig,  one  week  before  tlic  fWMl-Rftc 
18  tibswtbetl  limy  ftrn  cliaugctl  from  tlic  tiays  to  » large  puu  anil  rciiioveil 
to  the  reaving-trunglis.  Gravel  should  not  lie  used  in  tliest;  trougIi.s, 
.^OB  tlitf  uuwnsuim-d  food  works  down  into  it  uod,  becoming  funfjnis&vd 
tlierc,  ciLiiKes  It  greater  spread  of  disease  and  increases  tlie  labor  of 
oni'iug  for  tliti  fi»h. 
The  time  to  begin  feetlin^  llie  fry  is  roiidily  ascertained  by  triul.  If 
tliey  ricp  to  minuto  particles  of  foo4l  tlirown  upon  the  water,  they  are 
Uieu  leudy  for  rt.*giiltir  feeding.  Tbe  time  and  freqaency  of  feeding 
yomig  fltdi,  tlio  kind  of  fcKxl,  and  the  manner  of  feeding  them,  are  of  the 
greatest  importauee.  Liver  gives  better  resalts  than  any  arlilleinl 
food,  and  itii  preparation  is  very  6ini|>le.  Iteef  livers  jire  gi'ound  by  a 
meat- chopper  and  then  strained  through  a  flne-nie»hed  screen,  u  thick 
pudding  being  made  by  the  addition  of  water.  A  small  jKirtion,  only 
mich  an  amount  a»  the  flsh  will  readily  eat  at  a  time,  is  spread  njtoQ 
tlie  Burfaee  of  the  water  with  a  feather,  and  they  are  fed  aa  often  sts  six 
^^  or  eight  times  per  day  until  tbey  bwHime  nsed  to  the  new  diet.  As 
^^L  they  grow  older  the  quantity  of  foot!  may  be  invreiisoil  but  tlie  Dsh  are 
^^B  fed  Ivsn  frequently.  At  this  stage  the  young  l]>th  haVe  Kuch  a  preca- 
^^r  rlouji  luild  upon  life  thut  too  much  attention  can  not  be  given  to  their 
care.  Not  more  than  20,000  can  be  held  with  Kuecesa  iu  a  feeding  or 
rearing  tmugh,  and  a  regular  stated  supply  of  water  is  kept  flowing 
throngli  to  prevent  disease,  and  the  fish  are  properly  thinned  out  in 
order  to  prevent  luss  by  siilliicaliou  wLen  tin^y  iiii-ii'as.'  in  si/c.  Alunii 
30  gallons  of  water  per  minute  are  sufficient  for  20,000  fry,  though  this 
quantity.is  increased  as  the  fish  grow  stronger  and  are  able  to  breast  a 
heavier  current. 

In  the  spring  season,  when  tbe  water  begins  to  grow  warm,  tbe  flsh 
rei|nire  more  room  than  the  feeding-trouj^hs  afford,  and  it  is  then  uec- 
essoiy  to  transfer  them  to  ponds.  TLe  Nortbville  roaring-ponds  are 
5  feet  by  liO  feet,  made  from  2inch  pine  boards  and  provided  with  a 
gravel  bottom.  A  jiond  of  this  me  accommodates  from  10,000  to  20,000 
fry  till  the  middle  of  the  summer,  when  the  number  iir!  reduced  to  as 
low  as  5,000.  It  is  advisable  to  place  not  more  than  5,000  in  tbe  pond 
at  first  to  avoid  the  labor  of  reducing  the  number  offish  at  different 
times,  and  also  because  crowding  into  too  small  a  space  retards  their 
growth. 

At  first  the  flsli  require  coaxing  to  induce  them  to  eat,  as  the  change 
to  their  new  abode  has  frightened  tliem,  and  a  great  deal  of  patience  is 
necessary  in  tlieir  treatment.  They  are  fed  at  regular  intervals  three 
times  per  day.  As  tlieir  appetites  nre  poor  for  the  first  few  days,  tbe 
liver  will  fall  to  the  bottom  and  foul  the  jiond,  if  great  care  's  not  exer- 
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By  early  winter  tbey  will  have  grown  to  a  length  of  from  3  to  6  inches, 
necessitating  a  change  to  a  larger  pond.  The  Xorthville  breeding- 
ponds  are  20  by  75  feet,  and  are  constructed  in  the  same  manner  as 
the  rearing-ponds.  One  of  these  larger  ponds  accommodates  10,000 
yearlings,  5,000  two-year-olds,  and  about  3,000  fish  from  three  to  five 
years  old.  By  the  time  the  fish  are  three  years  old  and  over,  less  care 
is  rcMpiired  in  the  preparation  of  their  fiXKl,  as  the  liver  may  be  given 
to  them  in  piecies  half  an  inch  in  diameter. 

PACKING  EYED  EGGS  FOR  SHIPMENT. 

Eyed  eggs  prepared  for  shipment  in  the  tbllowiug  manner  have  been 
sent  from  Northville  to  all  parts  of  the  United  States  with  practically 
no  loss:  The  trays  upon  which  the  eggs  are  to  be  8hii)ped  are  made 
from  the  same  materials  as  those  upon  whicli  green  eggs  are  carried, 
but  are  usually  nmch  smaller.  Fewer  eggs  are  placed  ui)on  a  given 
surface  than  is  the  case  with  green  eii;gii.  For  example,  10  trays,  12 
inches  by  12  inches,  will  carry  50,000  eggs;  8  trays,  10  inches  by  10 
inches,  32,000  eggs;  and  5  trays,  8  inches  by  8  inches,  12,500  eggs;  or 
5,0(U),  4,000,  and  2,500  eggs  i^er  tray,  respectively. 

The  trays  are  allowed  to  stand  in  cold  water  till  thoroughly  soaked, 
and  are  then  drained  off  and  taken  to  the  ])acking-roo!n.  After  the  dead 
vgi:s  have  been  removed  from  a  box,  the  trays  are  taken  out,  drainecl, 
and  removed  to  the  packing-room.  A  J  inch  wooden  frame,  made  to  tit 
the  inside  of  the  canton-flannel  tray,  is  then  inserted,  the  eggs  are 
carefully  brushed  with  a  feather  from  the  wire  trays  and  sprciid  as 
evenly  as  possilde  upon  the  flannel.  The  eggs  have  been  i)reviously 
measured  at  the  time  when  they  were  removed  from  the  gravel  to  the 
hatching-box,  so  the  number  to  be  placed  ujmn  each  tray  can  be  easily 
determined.  After  the  eggs  are  spread  upon  tlH>  llannel,  the  inside 
wooden  frame  is  taken  out,  leaving  a  ;{  inch  margin  around  tlu^  inside 
of  the  tray.  A  square  of  mosquito  netting  large  encmgh  to  lap  over  on 
all  sides  of  the  tray  is  laid  upon  the  eggs  and  tucked  down  firmly  along 
the  inside.  Sphagnum  moss  is  scattered  to  a  de[)th  of  abcmt  IJ  inch 
upon  this  netting.  The  moss  is  prepared  by  removing  sticks  and  other 
foreign  matter;  it  is  soaked  in  water  a  short  time  and  then  run  through 
a  clothes-wringer.  In  spreading  it  upon  the  netting  the  moss  is  picked 
apaii;  and  made  as  light  and  flufiy  as  possible,  to  give  the  eggs  plenty  of 
oxygen. 

AVhen  the  required  number  of  Hanncl  trays  are  packed  they  are 
placed  one  upon  another  and  deated  together  on  all  sides,  with  boards 
at  the  bottom  and  top.  This  crate  is  usually  placed,  if  i)ossible,  where 
the  temx)erature  of  the  air  is  below  freezing,  so  that  the  moss  may  be 
slightly  frosted  before  the  crate  is  put  in  the  shipping-case. 

A  case  is  made  large  enough  to  allow  a  4- inch  si)ace  above,  below, 
and  around  all  sides  of  the  crate  when  it  is  placed  in  position.  Its 
bottom  is  filled  with  fine  shavings,  4  inches  deep,  and  the  crate  placed 
aiK)U  them  as  nearly  as  possible  in  the  center  of  the  case.     Shavings 
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are  packol  tigbtly  Aronod  the  crate,  h  few  being  throvm  in  and  pomided  | 
dowD  securely  before  moro  are  added.  Tbis  maat  be  well  done,  as  the 
shnviogs  are  the  only  means  of  preventing  a  (.'bangc  in  ibe  position  of 
the  crate.  The  top  of  thu  crale  is  then  covered  with  clossely  packed 
ehuTiiigH  and  the  cover  of  the  case  screw  cd  on.  By  means  of  rope  or 
iron  handles  the  case  may  cow  be  moved  about  with  ease,  and  is  ready 
for  sbipment 

RBPBIGKBATOB  BOX  FOR  SHIPMENTS  ABROAD. 

A  double  Iwx  is  naed  for  this  purpose.  The  inuide  one  is  2^  inclies 
larger  on  all  ttide«  than  the  crute  of  trays,  aod  the  outside  one  large 
enough  lo  make  a  .Vimrh  spaoe  ou  all  sides  when  the  snmlter  box 
ill  plaeetl  within  iU  The  trays  of  eggs  are  prepared  as  in  ordinary 
shipments,  aud  when  orate4l  are  placed  in  the  smaller  bos  upon  a  frame 
which  is  coustrucl*d  from  a  i-iucb  strip,  2J  inches  wide,  tacked  at  right 
augles  to  thu  inside  and  bottom  of  this  box.  In  the  chamber  tbns 
formed  l»twe*n  the  crate  and  tlie  box  is  packed  finely  chopped  ice,  an 
enit  for  the  water  resulting  ftttni  its  melting  lieing  provided  by  a  half 
doxeii  openinss  in  the  bottom  of  the  box.  This  box  is  now  packed 
no4Mmliiig  to  the  same  plan  h»  that  followed  with  the  shipment»<  for  a 
short  dirtlance.  Where  there  >8  an  opportunity,  it  is  well  to  have  the 
case  unpackeil  en  route  and  new  fee  added. 

Egg*  have  been  sent  in  this  manner  to  England,  Mexico,  New  Zea- 
land, Jiipiui.  and  South  Amertui. 


THE  LAKE  OR  MACKINAW  TROUT. 


DESCRIPTION  OF   THE  FISH. 

This  handsome  species  {Cristivomer  namayctish),  the  largest  of  the 
troots,  is  classed  with  the  charrs.  It  has  an  elongatt'd  body,  the  length 
being  about  4^  times  the  depth.  The  head  is  large,  flat  above,  and  aboat 
as  long  as  the  body  is  deep.  The  mouth  is  large;  the  maxillary  bone 
extends  beyond  the  eye  and  is  half  the  length  of  the  head;  the  jaws 
have  strong  teeth.  A  peculiarity  of  the  vomerine  bone  distinguishes 
this  fish  from  the  genus  Salvelinus ;  it  has  a  crest  provided  with  teeth 
extending  backward  from  the  shaft  of  the  bone.  On  the  hyoid  bone  the 
teeth  are  in  a  cardiform  band.  The  eye,  placed  near  the  top  of  the  head, 
is  contained  about  4^  times  in  length  of  head.  The  caudal  fin  is  well 
forked.  Both  the  dorsal  and  anal  fins  contain  9  to  11  rays.  In  the  straight 
lateral  line  there  are  about  200  scales.    Branchioategals  11  or  12. 

The  coloration  is  quite  variable  in  fish  from  different  localities.  The 
general  color  is  usually  dark  gray.  The  body,  head,  and  fins  are 
covered  with  small  discrete  rounded  spots,  usually  of  a  pale  color,  but 
often  tinged  with  reddish.  On  the  back  and  top  of  head  there  are  fine 
vermiculations,  as  in  the  brook  trout.  Examples  from  some  lakes  of 
Maine  and  eastern  Canada  are  nearly  black,  and  Alaskan  examples 
are  often  very  dark;  others  are  quite  pale. 

Thsit  variety  of  the  lake  trout  known  as  the  siscowet  {Cristivomer 
namaycush  ai^coicet),  found  only  in  deep  water  in  Lake  Superior,  is 
shorter  and  paler  than  the  typical  fish  and  has  weaker  teeth  and  a  shorter 
head ;  itis,  however,  chiefly  characterized  by  an  excessive  fatness,  which 
greatly  reduces  its  food  value. 

The  present  chapter  is  devoted  to  trout  of  the  Great  Lakes  and  the 
methods  of  propagation  employed  at  the  station  of  the  United  States 
Fish  Commission  at  Northville,  Michigan. 

RANGE,  FOOD,  ETC. 

The  lake  trout  is  found  throughout  the  chain  of  the  Great  Lakes,  and 
the  inland  lakes  of  northern  New  York,  New  Hampshire,  and  Maine; 
the  headwaters  of  Colunibia  and  Fraser  Rivers,  streams  of  Vancouver 
Island,  and  even  waters  within  the  Arctic  Circle  are  said  to  contain 
this  species.  With  the  exception  of  the  whitetishes,  it  is  perhaps  the 
most  numerous  food-fish  of  the  Great  Lakes,  and  formerly  none  exceeded 
it  in  weight  except  the  sturgeon.  Instances  are  cited  by  fishermen  and 
others  of  lake  trout  weighing  as  high  as  125  pounds,  and  its  average 
weight  has  been  given  at  from  20  to  30  pounds,  but  of  late  they  are 
rarely  found  exceeding  18  or  20  pounds.    Possibly,  if  unmolested  by 
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man,  tlicy  might  again  reach  the  eDonnons  wuight  of  early  citations, 
their  sluggish  moveQients  and  voracity  beiug  conducive  to  sacli  a  result. 

The  nature  of  their  enviionmeiits  has  a  decided  influence  on  the 
characlcrisitics  of  tbiu  si)ecies;  the  tem]>eratui'e  of  the  water,  food,  and 
character  of  bottom  entirely  chaiigiug  the  marking  and  peculiarities  of 
these  fish  in  their  various  habitats. 

I'ntil  recently  it  was  commonly  thought  that  the  princi])al  food  of  the 
lake  trout  was  the  young  whiteflsh,  and  for  this  reason  the  lishermen 
of  tlie  lakes  were  generally  untiivorable  to  its  artiUcial  propagation. 
The  error  of  that  Iwlief,  however,  is  now  generally  conceded,  tiiougb 
no  doubt  (jnite  o  nnuiber  of  young  whitefish  become  food  for  trout 
during  eacli  season.  But  a«  the  habits  of  the  lake  trout  take  it  to 
deep  water  immediately  after  spawning,  while  the  young  whitefish 
reuiarii  in  sliallows,  the  few  which  are  destroyed  in  this  manner  are 
either  stragglers  from  shoal  to  deep  water  or  taken  by  trout  aimlessly 
wandering  from  their  natural  range.  The  lake  trout  is  an  omnivorous 
fet'dor  and  lias  a  ravenous  appetite.  It  greedily  devours  all  Qshes 
possessing  fins  of  flexible  character,  and  jackknives,  corncobs,  and 
other  articles  equally  indigestible  have  been  fonnd  in  its  stomach. 

The  spawn  and  fry  of  lake  trout  suffer  from  the  same  enemies  as  the 
young  of  all  flshes,  but  the  mature  fish  are  too  formidable  for  other 
8i>ecies  tn  prey  upon.    Tln-y  iire  troubled  with  ii  few  i>ai-asiivs.    Oc- 

"racers"  by  flsfaermen,  are  found  swimming  near  the  surface;  no 
sufficient  cause  has  been  discovered  for  this  condition,  as  they  are  no 
more  afflicted  with  parasites  than  healthy  lish. 

IMPOETANCE  AMD  ABUNDANCE. 

The  trout  flsherics  of  the  Great  Lakes  are  second  in  imjKirtanoe 
commercially,  the  whitefisli  ranking  first.  At  one  time  trout  were  so 
plentiful  that  they  did  not  command  a  price  at  all  proportionate  to  their 
edible  qualities,  but  as  the  fishing  continued  the  catches  decreased, 
until  about  the  year  18SG  the  market  price  of  trout  became  equal  to 
that  of  its  more  delicate  rival.  At  this  time  it  became  evident  to  the 
Federal  and  State  governments,  as  well  as  to  those  dependent  upon 
this  industry  for  a  livelihood,  that  decisive  steps  ought  to  be  taken 
toward  providing  against  the  extermination  of  this  valuable  foo<l-fish. 
Artificial  hatching  wajj  t^mmenced  tliat  year  with  the  object  of  rest^ek- 
ing  the  (Ireat  Lakes.  The  work  progressed  only  in  a  limited  way  up 
to  189U,  when  the  output  of  both  tlie  United  States  and  Michigan  Fish 
Commissions  reached  something  like  its  ]iresent  proportions.  During 
the  season  of  1895  the  United  States  Fish  Commission  station  at 
Northville  secured  over  U,(>Ofl,00(>  lake-trout  eggs.  As  indicative  of 
the  aucces.s  attending  the  plants  of  lake  trout,  it  may  he  remarked  that 
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The  method  of  capture  Is  by  gill  uets,  pound  nets,  hook  and  line, 
and  in  winter  by  spearing  through  the  ice.  The  majority,  however, 
are  taken  from  gill  nets  oi>erated  by  steam  tugs.  These  boats  are  fitted 
out  with  the  most  approved  appliances  of  their  trade  and  have  quar- 
ters on  board  for  the  men  employed,  usually  a  crew  of  8  or  10.  Some 
of  the  tugs  carry  5  or  C  miles  of  nets  and  catch  in  one  lift  from  1,000 
poands  to  4  or  5  tons  of  trout.  Fishing  is  done  from  tlie  time  the  ice 
breaks  up  in  the  spring  until  late  in  the  fall  or  early  winter,  the  work 
ceasing  only  when  the  weather  and  ice  no  longer  permit  operations. 
In  some  localities  the  water  becomes  so  warm  during  summer  as  to  be 
detrimental  to  the  nets,  and  consequently  at  sudi  points  there  is  a 
lull  in  the  work  for  a  few  weeks.  Lake  trout  spawn  on  the  reefs  and 
live  in  deep  water  during  tile  remaining  time,  and  tiieir  migratory 
habits  govern  the  movements  of  the  tugs,  the  tislicrmen  necessarily 
moving  from  one  point  to  another.  The  small  gill-net  boats,  carrying 
sails  and  handling  a  few  hundred  feet  of  nets,  conline  their  operations 
to  more  shallow  water  and  fish  only  during  the  spawning  season.  At 
Detour,  Lake  Huron;  at  some  points  in  Lake  Superior,  and  on  the 
north  shore  of  Lake  ^lichigan  pound  nets  are  in  use,  but  usually  these 
nets  are  not  used  for  the  capture  of  lake  trout. 

NATUKAL  SPAWNING. 

Spawning  commences  the  last  of  September  in  Lake  Superior  and 
later  in  the  lower  lakes,  since  the  water  does  not  become  sufhciently 
cool  here  as  early  as  in  the  headwaters.  In  Lakes  Huron  and  Michi- 
gan the  height  of  the  season  is  in  the  early  i)art  of  November,  and 
spawning  continues  to  the  (irst  of  December.  The  spawning-grounds 
are  on  the  reefs  of  "honeycombed"  rocks,  10  to  L")  miles  from  shore, 
and  during  the  reproductive  period  vast  numbers  of  lish  visit  these 
places,  spawning  in  a  depth  of  from  1  to  20  fathoms.  Owing  to  the  great 
depth  of  water,  the  shyness  of  the  fish,  and  the  severity  of  the  weather 
at  this  time,  nothing  definite  has  been  determined  as  to  the  fish's 
maneuvers  while  spawning.  The  sui)i)osition  is  that  the  female  lies 
over  an  indentation  of  the  rocks  and  allows  her  eggs  to  settle  into  the 
"honeycomb''  cavities;  fragments  of  the  rock  witli  tlic  cavities  filled 
with  eggs  having  been  hauled  in  by  fishermen  when  lifting  their  nets. 
No  doubt  the  general  characteristics  of  the  Salmon uhv  are  carried  out 
by  the  lake  trout  as  far  as  the  conditions  in  which  they  exist  permit. 

An  instiincc  has  been  known  of  a  Mackinawtiout  of  24  jumnds  weight 
containing  14,94.3  eggs;  but  not  over  5,000  or  0,000  {'gg^  are  commonly 
found^and  1,000  eggs  to  the  pound  of  fish  may  be  accepted  as  a  general 
rule,  after  the  trout  have  attained  maturity,  at  three  years  of  age. 

A  much  smaller  variety,  called  the  slioal  trout,  is  found  in  Lake 
Huron  in  the  vicinity  of  Alpena,  and  in  Lake  Michigan  near  Chaile 
voix  and  Northport,  but  its  weight  compared  with  its  length  is  greater 
than  that  of  the  true  Mackinaw  trout,  and  the  markings  and  appearance 
of  the  two  also  difi'er.    The  shoal  trout  spawns  in  September,  about  a 
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uioiitti  earlier  thau  the  lake  trout,  on  n  cobble,  bowlder,  or  gravel 
bottom,  aud  in  from  2  to  8  feet  of  water. 

OBTAINING  THE   EGOS. 

During  the  spawuiug  seasou  men  are  employed  by  the  different 
lake-trout  hatcheriea  to  accompany  the  tugs  to  their  fishing  grouuds 
and  strip  the  ripe  fish  as  they  are  taken  from  the  nets.  These  "spawn- 
takers,"  or  " atrip pers,"  must  possess  strong  constitutions  to  withstand 
the  many  hftrdshtiia  to  which  they  are  subjected.  Where  very  exten- 
sive nets  are  operated  by  a  boat  and  flstiing  is  exceptionally  good,  two 
men  are  detAiled  to  the  same  ground,  one  as  spawn-taker,  I  lie  other  as 
helper.  Pans,  pails,  and  di|)])ers  axe  tuken  on  board  and  made  n-:uly 
by  the  time  the  nets  are  reached.  As  the  net  is  lilted  the  men  disen- 
tangle the  trout  and  throw  them  on  det'k,  where  the  spawu-takers  sort 
them  over,  t^kiug  the  eggs  from  ripe  females  and  impregnating  them 
with  milt  from  the  males.  During  very  severe  weather  the  fish  are 
thrown  into  the  hold  instead  of  ou  deck  aud  the  work  is  doue  there. 

The  manner  of  taking  the  eggs  is  similar  to  that  used  iu  taking 
spawn  from  other  tronts  and  salmon.  First,  the  female  is  taken  aud 
the  egga,  if  inntitre,  are  gently  stripped  into  an  ordinary  milk-pan  and 
then  impregnated  with  mitt  from  the  male.  Thi8  operation  is  repeated 
nntil  thopau  is  about  half  filled,  when  the  eggs  are  "washed  ap"  and 
poni'ed  iuto  a  5-gaIlon  paih  The  "waehing-up"  process  is  performed 
by  filling  the  pans  with  water  and  then  allowing  it  to  run  off,  repeating 
the  sainr  nntil  Ihe  water  whit'h  is  poured  off  no  longer  appears  milky; 
as  the  specific  gravity  of  the  eggs  prevents  their  rising  to  the  surface 
this  ciiii  be  done  without  loss  if  ordinary  care  is  exercised.  The  pans 
are  refilled  and  emptied  in  the  same  manner  until  the  pail  is  half  or 
three-foortba  full,  when  it  will  contain  about  75,000  eggs;  other  pails 
or  buckets  are  brought  into  use  as  often  as  necessary.  To  keep  the 
eggs  from  dying,  the  water  is  changed  in  the  large  piiils  every  hour 
until  the  eggs  are  taken  from  the  boat  and  tranaferred  to  flannel  trays  or 
floating- boxes.  All  pans,  pails,  and  other  metallic  apparatus  are  coated 
with  asphattum  paint  to  prevent  rusting,  as  rust  is  fatal  to  the  eggs. 

When  the  weather  is  so  cold  that  there  is  any  chauce  of  eggs 
freezing  to  the  pan,  two  pans  are  sometimes  used.  The  outside  one  is 
partly  filled  with  water,  u]>on  whii^b  fioats  the  pan  that  is  to  receive 
the  eggs  as  they  are  stripped.  The  pan  of  water  protects  that  part  of 
the  inside  pan  where  the  eggs  rest  and  in  that  way  tbeir  temperature 
is  kept  above  the  freezing-ixiint. 

SHIPPING  EGOS   TO    THE   HATCHERY. 

When  spawn-takers  are  operating  at  a  distance  the  eggs  are  held  at 
field  stations  located  at  convenient  points,  whence  they  are  sent  to  the 
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inches;  the  Bides  and  ends  are  1-inch  ]>ioe  and  the  bottoma  ^  inch-mesh 
iron  wire  cloth,  which  is  continued  over  the  rounded  ends.  Cleats  are 
nailed  on  the  aides,  one  end  somewliat  lower  than  the  other,  to  give  the 
box  a  tilt  vbeu  placed  in  water.  Eadt  hox  carries  fafely  about  1S0,()00 
eggs,  and  when  it  is  filled  is  auchored  either  in  running  water  or  in  a 
Bheltered  cove  of  the  lake.  In  the  former  case  a  current  of  water  is 
kept  passing  through  the  bos,  wliilo  in  the  latter  tlie  eggs  are  given  a 
alight  motion  by  the  action  of  the  waves  upon  the  surface  of  the  water. 


J--If.jitilJ;,--lK>.\. 

When  eggs  held  in  doiiting-boxeu  are  to  be  shipped  they  are  dipped 
into  pails  and  taken  to  a  place  arranged  fur  packing  them,  located 
at  no  great  di»titnco  away,  wliere  a  table  uimn  which  to  place  the 
trays  may  be  improvised  from  any  material  at  hand. 

The  traya  for  pat-king  the  eggs  are  ci>ustrm-ted  by  making  a  frame  of 
J-inch  square  piiic,  18  in<;hes  square,  inside  meaauroment,  with  white 
canton  Danuel  tacked  ou  one  side.  A  case  to  coiitain  the  trays  is  made 
of  §-incIi  pine,  large  enough  to  hold  lU  of  tliesetrays  one  over  the  other, 
allowing  for  a  surronnding  nir-spiuo  of  half  an  inch.  Half-inch  cleats 
are  nailed  on  the  bottom  and  at  the  cnrnerK  of  the  box  on  the  inside,  so 
that  the  traya  are  securely  held  in  position,  A  hinged  door  in  at  the  top, 
handles  are  at  the  Hides,  and  the  whole  is  jtainted  and  of  nt^at  appearance. 

For  tranaferring  the  egg.s  from  pail  to  tray  a  graduated  dipper  is 
nsed,  which  has  a  capatrity  of  about  10,000  eggs,  the  number  usually 
placed  npon  ernih  tray.  Thus,  in  a  case  containing  18  trays  180,000 
eggs  may  be  stored.  Adipporrul  is  placed  upon  each  tray.  Thecanton 
flannel  holds  water  for  some  time,  and  if  a  little  is  itourcd  upon  the 
eggs,  which  are  at  tirst  bunched  in  the  center,  they  settle  and  spread, 
and  by  a  slight  dexterous  movement,  a>ci|uired  by  practice,  are  evenly 
divided  over  the  tray.  Ten  thousand  eggs  on  a  surface  18  inches  by  18 
inches  are  about  two  deep,  and  if  kept  at  the  proper  temperature  and 
handled  carefully  they  may  be  carried  along  diatanw.     MXftt  ftift  fc^%* 
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are  spread  upon  tbe  tray  it  mnst  be  drained  before  being  plac«d  io  the 
case,  for  egffs  slightly  moistened  will  live  for  a  longer  time  in  open  air 
of  the  ri^lit  temiKTiiture  tbao  in  dead  water.  Tbe  tray  is  easily 
draitu-d  by  slifihtly  tipping  it,  so  tbat  tlie  water  will  run  ont  at  tbe 
edges  wbere  tbe  ttannel  is  tacked  on  tbe  frame.  The  traya  are  then 
plat^'ed  in  tbe  case,  eighteen  tilled,  tbe  top  one  empty. 

If  tbe  case  is  to  pass  through  a  varied  air  teuiperatare,  moaa  is 
packed  in  the  space  between  the  trays  of  eggs  and  tbe  sides  of  the 
shipping-case  for  protection  against  iibrnpt  changes  in  the  weather. 

When  necessary  to  hold  eggs  on  the  trays  for  any  length  of  time,  as 
is  often  tbe  case,  each  tray  must  be  fuken  out  and  sprinkled  with  water 
at  least  every  24  hours.  ^Vhen  they  are  held  for  a  longer  period  than 
4  or  5  days  they  must  be  taken  from  tbe  trays  and  placed  in  a  tab  of 
water  and  there  washed  in  the  same  manner  as  described  in  taking 
spawn.  When  a<1ding  water,  care  is  taken  tbat  it  does  not  strike  tlie 
epg!<  with  sach  force  as  to  injure  tlieni,tbe  dipper  cither  beingheld  down 
ill  the  eggs  ov  the  water  gwured  against  the  side  of  the  tab  a  little  above 
the  surface  of  tbe  s|)iiwn,  which  gives  them  a  steady  whirling  modon 
aud  at  the  same  time  does  them  no  injury. 

The  manner  of  transferring  eggs  from  trays  to  a  tub  is  very  simple. 
After  filling  tbe  tub  with  water  to  about  a  third  of  its  capacity,  the 
tray  is  placed  in  water  at  an  angle  of  about  4.j°  with  its  surface.  Host 
of  the  eggs  will  slide  down  this  incline  into  the  tub,  aud  what  few 
remain  may  be  washed  down  by  |>oni'ing  a  little  water  on  the  uppermost 
side  of  ilie  tray.  AtttT  tlie  e^'rs  liavi'  been  ^iven  a  giMid  washing  they 
are  iviilaeeil  i.n  llie  triijs  mid  I'cliirnod  to  llie  eases,  as  deseriVied  above. 

Till'  e^i.u's  are  sliiiijied  in  eli;iit,'e  of  a  iiiesseiifjer.  if  possible,  to  see  that 
tlieeasi's  are  ii.it  Miniilily  liainlled  nr  tilted  and  I  he  eoiitents  jarred  or 
iniiieliei!  wliile  beiiifi  iilaced  in  the  I.a^'j,Mf:e  ear.  WliiJc  ctii  the  road 
iliey  niii.-t  lie  kept  in  llie  e.i.ile>t  plaee  on  the  ear.  proviiling  that  the 
teni|iiaaliire  is  net  l.,.|i.\v  I'S'  oi:!(i:. 

It  eati  he  readily  seen  llial  llie  iiereeiilage  Dflake-troiit  ej:gs  hatched 
eaii  imt  l.e  si,  ]ar{:e  as  with  ntlier  S])eiies  tif  imnt.  The  rolling  aud 
pileliiii;:  of  llie  tii;;^  and  .iilier  Iwats  npoii  «  liieli  the  siniwiitaker  is 
ii]ieiiitin;,'infveii(-  lliee^s--^  \']ui\\  se]iar;i(in;:  iialiiiallv.  '"lie  time  during 
whieh  this  slioiilii  false  plaee  w.aiid  be,  a]ii.n>\ii!iiilely.  witliiii  the  lirst 
."ill  iiiiiiiites  afler  tiiey  are  taNeii.  and  as  the  l.oats  ai'e  nnt  tr.im  5  to  :;4 
jiMiirs  nr  loii-er,  when  slmrc  i>  reaelied  the  time  is  lung  pa.st  when 
iiaiel  is  ,-{■  any  valne.  Kesides.  I  he  temperature  .ifieu  falls  far  below 
tii'e/ia-,  and  all  llie  [irei'anl  ions  that  ean  lie  taken  will  not  prevent  a 
e.'nsideraljle  ]ierienlaj;e  of  ilie  •.■•x-^'  be.'oinin-  eliilled.  altliongli  there 
may  ln>  ii"  ill  etVei-ts  diseuvi'ied  iirilil  aftei-  tliey  reaeh  the  hateliery. 
Other  !iis.sr>.,llen  neeilr  tliron^ii  aeriilent  anil  the  earek'Ssness  of  those 
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THE  HATCHEBY. 


The  hatching- trough  or  tank  in  use  at  North ville  combines  the  prin- 
dples  of  both  the  Clark  and  the  Williamson  hatching  ap])aratus  and 
is  therefore  called  the  Clark-Williamson  hatching-box.  It  possesses 
more  advantages  than  any  other  in  use  for  the  development  of  a  large 
nnmber  of  eggs;  a  thorough  circulation  is  obtaine<l  for  thousands,  the 
apparatus  is  simple,  and  the  eggs  may  be  readily  liandled  for  picking, 
cleaning,  etc.  It  consists  of  a  trough  of  any  length  according  to  the 
number  of  fry  to  be  held,  ISJ  inches  wide  inside  and  1  loot  deep,  with 
partitions  to  divide  it  into  compartments,  and  is  constructed  as  follows: 
Only  the  best  1^-inch  pine  is  used,  all  planks  containing  knots,  heavy 
]Htch,  etc.,  being  rejected,  and  the  sides  and  ends  are  each  made  of  but 
one  piece  of  lumber.  The  bottom  is  nmde  first,  the  strips  of  dift'erent 
widths  plowed  and  tongued  securely,  and  all  joints  laid  in  whit«  lead. 
Referring  to  figs.  1  and  3,  page  98,  three-^iuarters  of  an  inch  down 
from  the  top  of  the  sides  is  a  g-inch  groove  (A)  running  the  entire  length 
of  the  trough.  The  partitions,  dividing  the  trough  into  compartments, 
18} inches  by  9^  inches  by  12  inches,  are  mortised  j  inch  in  the  sides; 
tbefirst  and  each  alternate  ])artition  (B)  is  fixed  A  inch  from  the  bottom 
of  the  trough  to  allow  the  water  to  pass  under  it;  the  second  and  each 
lUemate  partition  (C)  is  mortised  into  tlie  bottom,  and  at  the  top  is  cut 
out  80  as  to  leave  a  space  14 J  inches  long  by  lA  inches  deep  for  the 
water  to  pass  over.  In  the  bottom  of  the  boxes  thus  formed  a  J-inch 
atrip (D)  J  inch  wide  is  nailed  to  the  sides;  upon  these  the  bottom  trays 
W8t.  A  crossbar  (K),  with  ^-incli  block  (F)  to  hold  the  trays  securely 
"n  place  and  prevent  them  from  rising  in  the  water,  is  made  to  lit  in  the 
(looves  at  the  sides  of  the  trough. 

The  capacity  of  the  troughs  may  be  doubled  by  the  addition  of  a 
•ccond  row  of  boxes,  one  side  of  the  first  tank  acting  as  a  partition 
^tween  the  two  rows.  Each  box  holds  eleven  trays  ((1).  Ten  of  these 
^^  filled  with  eggs,  the  eleventh,  or  top  one,  acting  merely  as  a  cover 
^  prevent  the  eggs  on  the  tenth  tray  from  being  carried  oif  by  the 
^^rent.  The  trays  are  made  of  ,1  inch  mesh  galvanized  wire  cloth, 
^cked  upon  frames  16  inches  long,  7  inches  wide,  and  if  inch  thick. 
^Ih  the  trays  and  tanks  are  given  three  coats  of  asphaltum  paint 
•^fore  being  used,  and  one  coat  at  the  beginning  of  each  succeeding 
^^ason.  Eleven  of  such  trays,  in  the  box  described,  will  lill  the  com 
P^rtment  to  within  g  inch  of  the  groove  in  the  sides  of  the  tank;  then 
^be  crossbar  with  the  S-incli  feet  holds  them  se<?urely  in  place.  The 
^aiiks  are  set  upon  iron  standards  cemented  in  the  floor,  and  are  given 
*  pitch  of  i  of  an  inch  to  the  foot.  The  height  of  the  tank  from  the 
9oor  is  a  matter  of  convenience  to  the  operator,  depending  on  the  fall 
of  water  available. 

The  water  enters  through  a  1-inch  pipe  at  the  head  of  the  tank,  tiow- 
ingfdown  through  the  first  division,  up  thron«;h  the  second,  and  so  on 
to  the  lower  end.    Where  water  is  scarce,  two  troughs  maybe  made  to 
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utilise  tlit^  8ame  xupply  by  placing  one  after  another,  tlie  upi>er  cud  of 
th«  lower  tn)iif*li  heiiig  from  S  to  lli  incliea  lower  tlian  the  overtiow  <if 
tiin  upper  trough;  thi^  givesiLgooilaemtiouuDd  will  be  fouuW  to  answer 


rlarkWillinrnKmi  Trmigli. 


MANUAL   OP   FISH-CULTURE.  99 

or  if  it  aboands  with  aquatic  insects,  it  is  quite  essential  to  have  some 
kind  of  filtration,  otherwise  the  eggs  may  be  injured  by  animalcula) 
or  coated  with  sediment,  the  trays  clogged  witli  refuse,  the  circulation 
stopped,  and  in  the  end  a  majority  of  the  eg^s  lost.  Many  filters 
have  been  devised,  all  of  which  are  good,  but  a  simple  and  effective 
contrivance  is  made  by  tacking  mediuin-weigbt  llannel  to  wooden  tray 
frames  and  placing  them  at  the  head  of  the  tank  directly  beneath  the 
head  of  water,  the  number  use<l  at  one  point  being  governed  by  the 
amount  of  sediment  or  other  foreign  matter  x)rc8ent. 

At  Northville,  as  a  convenience  in  caring  for  eggs,  a  shallow  "  pi(;king- 
troagh"  is  used,  iO  feet  long,  10  inches  wide,  and  2A  inches  deep,  with 
a  ^inch  strip,  J  of  an  inch  wide,  nailed  along  eiich  side  of  the  bottom, 
upon  which  the  trays  rest,  to  give  a  good  eircnlation  while  the  eggs  are 
sorted  over.  The  trough  has  a  fall  of  not  more  than  ^  inch  throughout 
its  entire  length,  and  it  is  fed  by  a  llow  of  about  2  gallons  of  water 
per  minute.  A  dam  at  its  lower  end  raises  the  water  1;^  inches,  not 
entirely  covering  the  trays.  This  is  a  ])oint  that  must  not  bo  over- 
looked, for  if  the  water  flows  over  the  tops  of  the  trays  many  of  the 
eggs  and  fry  will  be  apt  to  escape  through  the  waste-pipe. 

CARE   OF  THE  EGGS   AND   FRY. 

Upon  their  arrival  at  the  hatchery  the  eggs  are  taken  from  the 
shipping-cases  and  turned  into  tubs,  Avhen<e  they  are  removed  to  the 
hatching-troughs.  In  removing  eggs  from  the  flannel  shipping-trays 
to  the  tub  the  same  method  is  followed  as  in  washing  eggs  that  have 
been  held  in  cases  for  several  days.  Tlie  transfer  should  take  place  in 
a  temperature  not  higher  than  45"^  or  ."io^  F.,  and  if  the  eggs  are  held 
in  the  tubs  for  any  length  of  time  they  are  given  a  change  of  water 
every  30  minutes. 

Oreat  care  is  necessary  in  transferring  eggs  to  the  hatching-trough 
in  pails.  To  guard  against  any  sho<!k,  the  i)ail  is  i)artially  filled  with 
water,  and  the  eggs  are  carefully  taken  in  the  dipper,  which  is  lowered 
into  the  pail  in  such  a  way  that  the  eggs  will  glide  into  the  water  and  not 
fiall  upon  it.  The  pail  when  filh^d  is  placed  upon  the  trough  as  near  as 
possible  to  the  box  for  which  the  eggs  are  intended,  and  by  means  of  a 
perforated  dipiwr  with  a  crapactity  of  20  ounces,  or  4,000  eggs,  they  are 
transferred  to  the  hatching-boxes.  A  tray  is  placed  in  the  water  and 
adipperful  of  eggs  is  poured  upon  it;  then  another  tray,  placed  on  top 
of  the  first,  is  served  in  like  manner,  and  this  is  repeated  until  ten  trays 
are  filled.  The  eleventh,  or  cover  tray,  is  left  empty,  and  the  whole 
apparatus  is  held  in  place  with  a  crossbar  or  binder.  In  two  double 
troughs,  containing  04  boxes  and  occupying  a  Hoor  space  of  100  square 
feet,  2,560,000  eggs  may  be  safely  (tarried  with  22  gallons  i)er  minute 
of  good  spring  or  lake  water,  well  aerated. 

To  estimate  the  number  of  eggs  laid  down,  a  fractional  ]>ortion  of  a 
quart  is  counted  several  times  until  a  satisfactory  average  i.s  arrived  at; 
this  has  given  200  to  the  tin  id  ounce,  or  G,400  to  xA\e  (\\\v\\\;. 
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For  the  first  few  weeks  nfter  the  egge  liave  readied  tbe  hatcliery 
close  attcution  must  be  given  ti»  prevent  the  groivth  and  spremd  of 
fUngQS  tbronghout  the  tank.  The  eggx  niutjt  be  carefully  hand  picked, 
aud  the  trays  and  boxes  kept  thorouglily  cleansed  fh>ui  slime  and  other 
impurities.  If  a  tieavy  raia  shiiuUl  wa$ih  dirt,  refuse,  eti'.,  into  the 
sopjily  ri'servoir  and  tlience  to  the  hatchery,  the  eggs  must  be  cleaned 
to  praveut  their  smothering.  No  tilter,  practical  for  use  in  a  hatchery, 
has  been  iuvented  that  wQl  entirely  remove  iujurions  substances. 

To  remove  the  egg-trayn  frnm  the  boxes  for  sorting,  the  bindiir  is 
flrst  alipiMKl  out  from  the  gi-oo»'eH  and  the  traya  taken  out  separately, 
each  rising  to  the  surface  as  the  oue  above  it  is  removed.  All  the 
traya  are  taken  out  of  one  bos  and  placed  one  aft«r  another  along 
the  picking- trough.  The  dead  eggs  and  -'ringers" — the  latter  not 
appearing  until  in  tbe  lat^r  stages  of  incubation — are  then  picked  out 
witli  Mmall  metal  tweeters.  The  eggs  will  turn  white  when  dead,  and 
if  allowed  to  remain  upon  the  traye  a  fnngus  will  soon  apjiear  upon 
their  surface  and  spread  Its  growth  until  all  tbe  eggs  within  a  short 
radius  are  afl'ecte«l;  tlietie  in  their  turn  will  be  smothered  and  liecome 
l^ngussed  in  the  same  manner. 

When  it  is  necessary  to  rlmnge  the  position  of  the  eggs  in  order  to 
bring  those  at  tbe  bottom  to  the  surface  »  Hoft  feather  i.-t  used,  and  if 
manipulated  carefully  it  will  have  no  iiOurious  effect.  After  the  eggs 
have  been  cart'i'ully  sorlcd  tb(s  trays  are  Hgain  pliii'eil  in  the  hat<'hing- 
box.  Tbe  eggs  are  looked  over  at  least  every  three  days  daring  the 
first  five  or  six  weeks;  at  the  end  of  that  time,  in  a  water  temperature 
of  from  40°  to  45"=  F.,  the  eye-spots  will  show  up  plainly,  and  from  this 
stage  to  the  breaking  of  the  shell  less  labor  need  be  expended  in  this 
direction,  for  the  eggs  are  not  so  susceptible  to  fungus,  etc.,  as  in  the 
early  stages.  At  this  period  uniinpregniited  and  imperfectly  developed 
eggs  are  eiisily  distinguished  and  taken  out  at  one  picking,  leaving 
practically  only  those  that  will  nltim;itely  hatch  as  i>erfect  fry. 

For  wiisliing  the  egg.s  when  coated  with  sediment  a  large  galvanized- 
iron  pan,  about  2i  feet  long,  1,^  feet  wide,  and  4  inches  deep,  is  used; 
this  is  nearly  tilled  with  water  and  a  tray  floated  on  its  surface.  The 
eggs  are  gently  moved  about  with  a  featlier,  and  by  submerging  and 
i[uickly  raising  the  triiy  tlie  eggs  will  be  left  as  clean  as  when  first 
taken.  It  is  neeessary  to  be  very  c;ircful  to  give  no  sudden  jar  or 
shock  to  the  eggs,  for  np  to  the  time  the  eye  spots  begin  to  appear  they 
are  very  delicate  and  must  be  handled  accordingly.  It  is  better  to 
allow  a  small  amount  of  dirt  to  remitin  on  the  egg-<  tliaii  to  under- 
take waiihing  them,  which  should  only  be  done  when  the  coating  of 
sediment  becomes  dangerously  heavy.  The  boxes  may  be  washed  when 
the  trays  are  in  tlic  i>ickingtrongl[,  liut  to  wash  tlie  traya  is  difficult. 
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pan  of  water.  This  will  d^'^ci)  /tlje  fall  of  the  eggs  Irom  one  tray  to 
the  other  and  free  what  few  a(lll]en5  to  t4ie.  first  tray. 

In  a  water  temperature  of  from  40^  (oio^  y.y  b.atchiDg  will  begin  in 
from  75  to  90  days.  The  dark  hne  of  the  egg  its  a.wliole,  the  distinct 
ontllneof  the  fish,  and  its  convulsive  nioveuienVs  snovf  {he.ap])roach 
of  the  hatching  period.  If  the  weather  is  clear  and  cold'  olr^o-indijBa- 
tions  may  continue  for  some  time,  but  Avith  the  advent  of  a  single  \7arm 
day  more  than  50  ];)er  cent  of  the  fry  are  apt  to  break  their  shells. 

As  the  total  number  of  eggs  received  at  the  hat<ihery  has  deirreased, 
in  order  to  determine  the  number  of  fry  that  will  be  liatclied  they  are 
now  measured  again  by  lirst  emptying  the  eggs  in  the  large  pan 
described  above,  and  then  placing  4,(K)(>  each  upon  trays,  in  this  case 
made  of  wire  cloth  with  a  i^^-inch  mesh.  Should  the  temi)erature 
remain  uniform  the  hatching  will  cover  a  number  of  days,  but  a  sudden 
rise  or  fall  in  the  temperature  will  have  a  marked  effect  in  either 
advancing  or  retarding  the  further  development  oi*  the  eggs. 

The  dead  shells  from  the  hatching  fish  must  be  removed  or  they 
will  clog  the  trays  and  stop  the  circulation  of  water.  To  provide 
against  this,  one  box  of  trays  is  emi)tied  into  a  pan  of  water  and  the 
eggs  stiri-ed  with  a  feather;  the  shells  rise  to  the  top  and  (*an  be  easily 
pouretl  off,  and  by  repeating  this  operation  several  times  the  hatching 
fish  are  entirely  freed  frcnn  this  refuse.  In  returning  the  fish  and  eggs 
to  the  trays  they  sliould  ]»e  divided  as  equjilly  ns  possible  among  the 
ten  trays.  The  necessity  for  this  deiM*n<ls  on  the  rai)idity  of  hatching 
and  i)erhap8  a  single  box  need  l)e  served  in  this  manner  <mly  three 
or  four  times  during  the  hat<*hing  period. 

The  care  of  the  fry  from  this  tini(»  to  \\w\t  distribution,  if  distributed 
before  the  absorption  of  the  food-sac,  is  somewhat  similar  to  the  treat- 
ment described  for  eggs.  Monstrosities,  **  blue  sacs,"  and  dead  fry  are 
picked  out  as  soon  as  they  are.  (liseovered.  The  yolk-sac  attjiched  to 
the  fry  will  be  gradually  absorbed  and  the  fry  so  increase  in  size  that 
4,000  overcrowd  one  tray,  and  when  the  sact  is  about  half  gone,  Avhich 
is  in  about  three  or  fonr  weeks  after  the  lish  are  hatched,  it  is  necessary 
to  re<luce  the  number  upon  each  tray  to  1-\000. 

DlSTKinrTlON   HF    rilK    KRY. 

Lake  trout  should  either  be  i)lant«»d  while  the  food-sac  is  still  visible, 
or  not  until  they  i)ossess  tlu^  vitality  of  the  yearling.  Trout  planted 
when  the  food-sac  is  within  one  or  two  weeks  of  eomi)lete  absorption 
have  sufficient  nourishment  to  sustain  life  until  they  are  acclinuited  to 
their  surroundings,  as  well  as  the  natural  impulse  from  the  beginning  to 
take  the  minute  particles  of  food  which  they  find.  As  from  2,(M)(),000  to 
4,000,000  lake  trout  are  hatched  at  North  ville  annually,  it  is  impossible, 
with  the  present  facilities,  to  hold  them  all  in  rearingtroughs  and  j)onds 
until  they  become  yearlings,  and  the  fry  are  usually  distributed  direct 
from  the  hatching-boxes. 
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III  sliipiiiDg  tliem  to  their  destination^  1^-^!1oH  roand-Kbouldered  cans 
are  filled  to  within  a  foot  of  the^roj'  ■pitH  the  water  used  in  batching. 
One  trayfiil,  or  a,(K>l)  frj,  j«.  ^r.t,iii  each  can,  and  as  goon  as  it  is  filled, 
enough  ice  is  ujiLiIed  (o  btiflg*  tlie  temperature  down  to  38^  or  40°  F.  If 
the  t^-y  lire  ^, he'^jiltHrted  in  the  Great  Lakes,  the  cans  are  transferred 
^o<n_tjb4  «uf,*upoii  it»  arrival  at  its  destination,  to  a  tishiug-tug  and 
corsTC/efl  to  the  ri^efs  or  natural  spawning  grounds  of  the  lake  trout; 
here  the  cans  are  lowered  into  thf  water  and  the  fry  allowed  to  escape 
and  in  a  few  moments  tliey  disappear  from  the  tinrfiice  and  sink  to  the 
bottom, 

[  I'ACKINii    EVED   ElUlS    FOR    SHIPMKST. 

When  the  eye  spotfl  aj-e  plainly  visible,  the  eggs  can  be  packed  »ud 
succeflsfblly  shippeil  to  any  i>art  of  the  world,  if  kept  ut  a  aoifonn 
temperature.  The  trays  used  for  this  purpose  are  ma<le  like  those  used 
iu  sliippinp  grecti  eggs  from  the  field  station  to  the  hatchery.  For 
100,0(10  eggs  IG  trays,  18  inches  by  18  inches,  are  reiiitired;  for  50,000, 
8  traj'8,  Ifi  by  Iti;  and  for  5,000  eggs,  5  trays,  8  by  8.  After  they  are 
piK'kt^t,  the  Irayxoro  plfu-ed  one  upon  the  other  and  urmed  together  by 
nailing  a  cktat  on  each  Kide  fnim  the  foundiition  to  the  top  board.  The 
packing-cade  is  made  largit  enougli  to  admit  of  an  air-space  of  i  inches 
around  the  top,  bottom,  iiiid  four  sidos  of  tlio  crate,  when  it  is  plac«d 

The  temperature  of  the  packing-room  should  not  be  higher  than  40<^ 
nor  lower  than  26°.  A  temperature  of  from  aS''  to  30°  is  preferable. 
The  canton-flannel  trays  are  first  soaked  in  water,  drauied,  and  then 
placed  upon  a  table  to  receive  the  eggs.  Wooden  frames  of  j-inch 
square  strips,  made  so  as  to  fit  inside  the  frames  of  the  packing- trays, 
are  then  inserted.  .\  box  of  eggs,  previously  picked  and  cleaned,  is 
taken  out,  draiiie<l,  and  carried  to  the  packing-room.  The  eggs  are 
carefully  brushed  from  the  wire  trays  upon  the  flannel  trays  with  a 
feather  and  spread  evenly  over  the  surface.  To  divide  the  eggs  among 
the  flannel  trays  is  not  dirticnit,  as  there  are  40,000  in  the  batehing- 
box,  or  4,(KM)  to  the  tray.  Tlie  inner  wooden  frame  is  now  removed, 
leaving  a  ^-inch  margin  on  all  sides  between  the  eggs  and  the  tray 
frame,  and  a  jiiece  of  damp  mosi|uit<)  netting  is  laid  over  the  eggs, 
extending  1^  inches  beyond  the  sides  of  the  frame.  This  netting  is 
pressed  down  at  the  inwide  corners  of  the  tray  and  all  along  next  to 
the  frame,  in  order  to  hold  the  eggs  in  position  and  avoid  their  coming 
in  contact  with  the  wooden  frames.  Over  this  netting  is  scattered 
sjihagnum  moss,  ^  to  ^  of  an  inoh  deep.  This  moss  is  gathered  in  the 
fall,  and  is  prepared  by  being  soakt-d  in  water  and  wrung  out  with  a 
clothes -wrin^^er.     It  must  be  free  from  all  sticks  and  decayed  matter 
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When  i>acked  the  egg-trays  are  placed  upon  a  foundation -board,  made 
the  same  size  as  the  trays  and  covered  with  nioas.  At  the  tox)  anotlier 
board  of  the  same  dimensions  is  hud.  Cleats  are  nailed  on  all  four 
sides  and  fastened  to  the  top  and  foundation  boanls,  making  a  iirm 
crate,  which  can  be  handled  without  danger  to  its  contents. 

If  the  tempeniture  of  the  packing  room  is  not  below  freezing,  the 
trays  are  placed  out  of  doors  before  they  are  crated,  to  allow  the  moss 
upon  the  eggs  to  become  slightly  frosted.  Kggs  at  this  i)eriod  may  be 
subjected  to  a  very  low  temi)erature  without  injury — in  la(jt,  may  be 
envelo|>ed  in  a  thin  coating  of  ice,  and  if  sliiianents  are  made  when 
the  weather  is  too  warm  for  frosting  tlie  results  are  not  so  good. 

A  packing-ciise,  provided  with  rope  handles,  is  pi  epared  large  enough 
to  admit  of  an  air-space  of  4  inches  around  the  top,  bottom,  and  four 
sides  of  the  trays.  The  bottom  is  lilled  4  inches  deep  with  tine  shavings, 
the  crate  of  eggs  is  placed  upon  them,  and  more  shavings  ])acked  all 
aroand  between  the  trays  and  the  case.  The  packing  is  carefully'  done, 
a  few  shavings  being  thrown  in  and  itounded  down  before  more  are 
added,  in  order  that  the  trays  may  be  held  securely  in  the  center  of 
the  case.  Shavings  are  lilled  in  on  top,  the  cover  screwed  on,  and  the 
box  is  ready  for  shipment. 

In  transit  the  eggs  must  be  kept  in  a  cool  place,  though  not  allowed 
to  freeze;  and  if  this  precaution  is  taken,  and  they  are  not  unneces 
sarily  jolted,  they  will  be  found  in  good  condition  when  unpacke<l. 
Hundreds  of  thousands  of  eggs  have  been  thus  shipped  from  North 
ville  daring  the  past  few  years,  the  eggs  arriving  in  line  condition  and 
with  prai^tically  no  loss. 

For  foreign  shipments  a  double  box  is  used.  The  inside  one  is  made 
2^  inches  larger  on  all  sides  than  the  crate  of  tniys,  and  the  outside 
one  large  enough  to  make  a  5-in(;h  spa^te  on  all  sides  when  the  smaller 
box  is  placed  within  it.  The  trays  of  eggs  are  prei>ared  as  in  ordinary 
shipments,  and.  when  crated,  are  i)laced  in  the  smaller  box  u]>on  a 
frame  which  is  constructed  from  a  ^  inch  strij),  2^  inches  wide,  tacked 
at  right  angles  to  the  inside  and  ])ottom  of  tiiis  box.  In  the  si)ace 
thus  formed  between  the  crate  and  the  box  is  ])acked  finely  choi)ped 
ice,  water  from  the  melting  ice  being  drained  off  through  a  half  dozen 
small  openings  in  the  bottom  of  the  box.  This  box  is  now  ])ackcd 
according  to  the  same  plan  as  that  followed  with  shiimients  for  a  short 
distance.  Where  there  is  an  0]>])ortunitv  it  is  advisable  to  have  the 
ease  unpacked  while  en  route  and  fresh  icre  added.  Kggs  have  been 
shipped  in  this  manner  to  England,  Mexico,  New  Zejilainl,  rlajKin,  and 
South  America,  and  have  reache<l  iheir  destinations  with  little  hiss. 

FEEI)1N(}   AM)   RKAKTN(;    LAKK    TKOIT. 

Lake  trout  fry  held  for  rearing  are  kept  in  troughs  until  they  are  large 
enough  to  be  transferred  to  jionds.  These  troughs  at  i^orthville  aie 
iL*  feec  long  and  -  feet  7  inclies  wi<le,  with  a  1  incli  i)artition  running 
through  the  middle  it>  entire  length,  tiius  forming  two  troughs,  each 
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1  Coot  2  iitclies  wide.  At  iDtervaU  of  18  incbea,  cleats  1^  imrlips  high 
are  uiortistHl  across  the  bottom,  and  iu  the  sides  of  the  trough,  at 
the  ends  of  the  cleats,  groovet>  are  mude  to  admit  the  placiL^  of  u  fine- 
meshed  vertical  screen,  which  can  fit  tightly  to  the  partition  at  the 
lK>ttom.  Everything  is  coated  with  asphaltum  paint.  The  trongli  hiisa 
fall  of  one-lllth  of  an  inch  to  the  foot,  the  overflow  being  at  the  end 
through  a  tin  spont.  Another  trough  may  be  set  at  the  lower  end  of 
the  lirat,  provided,  as  with  hatcbiiig-troughH.  a  siiflicient  fall  is  given  for 
aeration. 

A  week  or  ten  days  before  the  disappearance  of  the  yolk-siic.  which 
will  be  absorbed  iu  five  or  six  weeks,  with  water  at  ateni|ieratureof  W^ 
to  45^,  the  fty  intended  for  resiring  ithould  be  transferred  to  the  troughs. 
In  a  single  tnmgh  of  the  size  descrilwid,  15  gallons  of  spring  water  per 
minute,  with  a  teni])eratore  ranging  from  45°  to  50°  F.,  will  support 
8,000  try  during  the  first  few  weeks  Ihey  are  held.  Up  to  this  time  it  is 
not  necessary  to  insert  the  vertical  screens  except  at  the  head  and  out- 
K't,  bntft.-*  the  fry  increase  in  aixe  tlieybeoomo  restless,  snapping  at  each 
other  and  crowding  together  in  a  mass  at  the  head  of  tbe  trough,  and 
then  it  is  net^cssary  tii  thin  them  out  and  neparate  thom  by  sub<lividing 
the  troughs,  holding  an  equal  uumhcr  of  tlie  ft-yiueach  of  the  compart- 
ments. The  action  of  the  flsh  determines  when  this  should  be  done. 
The  use  of  warm  water  haHtens  the  development  uf  the  fry,  the  same  as 
ii  docs  with  the  eggs. 

For  the  flret  four  weeks  the  fry  are  fed  four  times  per  day  on  fioely 
cliopped  beef  liver,  ladled  through  a  close  screen  to  remove  all  lumps. 
The  liver  is  diluted  with  water  and  the  mixture  fed  to  the  l^y  with  a 
feather.  For  some  days  tliey  do  not  appear  to  take  their  food,  but  the 
routine  is  continued,  and  as  soon  as  the  sac  is  entirely  consumed  they 
commence  feeding.  No  rule  can  be  laid  down  prescribing  a  definite 
amount  of  food,  but  the  fry  are  fed  till  their  appetites  are  ap|>eased  and 
every  fish  has  obtained  a  morsel.  Some  days  they  display  more  hunger 
than  usual,  a  warm  day  especially  increasiug  their  appetites.  After 
they  begin  to  feed  well  the  liver  may  be  given  to  them  but  three  times  a 
day,  more  being  tlirowu  in  at  a  time. 

The  troughs  must  be  cleaned  out  daily  by  turning  on  an  additional 
supply  of  water — not  SO  much  that  the  lish  will  be  carried  against  the 
screen — iind  the  foul  matter  .itirred  up  from  the  lx)ttom  with  a  fi'ather 
and  worked  through  the  Mires  with  »  small  sponge.  Twice  a  week  the 
sides  and  bottom  are  sponged  ofi'. 

Three  months  after  being  transferred  to  the  feeding- troughs,  trout 
will  take  food  well  and  be  from  1  to  2  inches  long.  They  are  then  ready 
to  go  outside  to  the  rcaring-ponds.  These  ponds  are  about  32  feet  long 
by  5  feet  wide,  with  from  10  to  20  inches  of  water,  and  have  a  minimum 
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from  the  direct  rays.  A  pond  of  this  description  will  accommodate 
10,000  lake  treat  three  or  four  months  old.  As  they  increase  in  size 
this  namber  may  be  diminished,  a  great  deal  depending  npon  the 
quality  and  temperature  of  the  water. 

ThA  temperature  of  the  water  should  never  be  higher  than  65^; 
preferably  from  48^  to  58^. 

As  when  kept  in  rearing- troughs,  the  fish  are  now  fed  the  amount 
tfaey  seem  to  desire,  being  neither  overfed  nor  starved.  The  liver,  not 
so  finely  chopped  as  before,  is  thrown  in  with  a  spoon.  At  the  first 
feeding  the  fish  may  be  somewhat  wild  and  scatter  over  the  pond,  but 
after  one  or  two  days  they  will  collect  at  one  |>oint  and  take  the  food 
greedily.  After  four  weeks'  time  they  are  fed  only  twice  per  day,  and  as 
they  increase  in  size,  coarser  liver  is  given  to  them.  Food  is  thrown 
in  slowly,  and  no  more  given  at  one  time  than  the  fish  can  eat,  for 
waste  matter  soon  becomes  foul,  and  unless  drawn  off  will  speedily 
cause  sickness. 

In  from  10  to  12  months  after  hatching,  lake  trout  artificially  reared 
measure  from  4  to  8  inches  in  lengtli  and  are  readn^  for  planting.  This 
is  done  in  the  same  manner  as  with  fry,  100  fish  being  placed  in  each 
can  for  transportation. 

DISEASES. 

The  diseases  to  which  lake  trout  arc  su8ce])til)le  are  those  common  to 
all  other  trout.  They  are  caused  by  impure  water,  poor  food,  injuries 
received,  and  the  attempted  cannibalism  of  then'  neighbors.  The  first 
three  of  these  causes  can  be  guarded  against,  but  the  last  is  much  more 
difficult  to  prevent.  At  the  first  sign  of  cannibalism  the  fish  must  be 
thinned  out,  and,  if  feeding  well,  transferred  to  the  rearing-pond,  where 
they  will  have  greater  range  for  development.  In  fact,  for  any  of  the 
diseases  this  will  prove  of  more  benefit  than  anything  else. 

It  i«  beneficial  to  treat  the  fry  with  salt  twice  a  week  by  shirtting 
oflf  the  water  and  sprinkling  salt  in  the  trough  until  a  weak  brine  is 
formed.  The  fish  must  be  watehed  closely,  and  as  soon  as  they  show 
any  signs  of  '-turning  up"  a  full  head  of  water  must  be  turned  on 
until  all  the  brine  is  washe<l  oil",  after  which  the  8ui)ply  may  be  reduced 
to  the  regular  amount.  A  small  quantity  of  swamp  earth  should  be 
scattered  in  the  tanks  about  once  in  two  wrecks,  merely  enough  to  dis- 
color the  water  for  a  fvw  moments,  and  allowed  to  wash  ott*  gradually 
with  the  current  of  the  water. 


THE  GRAYLINGS. 


The  graylings  of  America  comprise  ThymaUus  tricolor  of  Michigan, 
Thymallus  tricolor  montanm  of  Montana,  and  ThymaUus  aUpiifer  of 
Alaska  and  the  Mackenzie  Eiver  region.  They  are  closely  related  to 
the  Salmonidw  in  habits,  general  appearance,  etc.,  but  ditl'er  in  the 
character  of  the  skeleton. 

Only  the  Montana  grayling  at  present  receives  the  attention  of  tish 
calturists.  Its  body  is  elongated,  compressed,  the  depth  contained 
4^  times  in  the  length.  The  sabconic  head  is  of  moderate  size,  and  its 
length  is  one-fifth  that  of  body.  The  dorsal  outline,  from  snout  to  tail, 
is  a  uniform  gentle  curve,  highest  at  the  beginning  of  the  dorsal  tin. 
The  mouth  is  oblique,  terminal,  and  of  moderate  size;  rather  feible 
teeth,  of  uniform  size,  occur  on  jaws,  palatines,  and  vomer.  The  short 
and  stiff  gillrakers  number  17.  The  eye  is  large,  exceeding  length  of 
snout,  and  is  contained  3j  times  in  length  of  head.  From  82  to  85 
scales  are  found  along  the  lateral  line,  with  8  rows  above  and  10  rows 
below  the  line.  The  dorsal  fin  is  long  and  high,  and  contains  18  to  21 
rays;  both  its  length  and  height  equal  the  depth  of  body.  The  caudal 
is  strongly  forked.  The  coloration  is  gorgeous.  The  color  of  the  back 
is  gray  with  pur[)lish  refiections;  the  sides  of  head  and  body  are  lighter, 
with  pur phsh  and  silvery  iridescence;  the  belly  is  pure  white;  there 
are  a  few  V-shaped  black  spots  on  the  anterior  part  of  the  body;  a 
dark  heavy  hue,  most  distinct  in  males,  extends  along  upper  border 
of  belly  from  ventral  to  pectoral  fins.  The  dorsal  fin  is  richly  varie 
gated  with  a  rosy  border,  4  to  6  rows  of  roundish  rosy  spots  in  whitish 
areas,  with  dark  blotches  forming  lines  between  the  spots.  The  ventral 
fins  have  three  rose  colored  branching  stripes  along  the  rays.  The 
anal  and  pectoral  fins  are  plain,  with  dark  border. 

The  Michigan  grayling  is  generally  similar  to  the  foregoing,  but  has 
a  somewhat  larger  dorsal  fin  and  slightly  different  coloration.  The 
Arctic  grayling  has  a  higher  dorsal  fin,  with  22  to  24  rays,  a  smaller 
head  (5^  in  length),  and  more  brilliant  colors;  the  back  and  sides  are 
pnrplishgray,  the  belly  blackish-gray  with  irregular  white  blotches, 
and  the  head  brown;  on  the  anterior  part  of  the  body  are  o  or  (J  deep- 
blue  spots,  and  on  each  side  of  lower  jaw  a  blue  mark;  the  dark  ^ray 
dorsal  has  pale  blotches  and  cross  rows  of  rich  blue  spots  edged  with 
red;  the  ventrals  show  red  and  white  stripes. 

The  Micliigan  and  Montana  graylings  rarely  weigh  1<V  pounds,  and 
average  only  J  pound;  the  northern  species  is  somewhat  larger. 

The  Michigan  grayling  is  naturally  found  only  in  certain  streams  in 
Michigan,  although  the  type  specimen  was  said  to  have  come  from 
Lake  Ontario.    It  is  one  of  the  most  attractive  and  gamy  fresh -water 
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fishes,  bat  ia  rapidly  approacliiug  extiuction,  owing  to  excessive  fisbing 
and  the  poUatiou  of  streams. 

The  Montana  grayling  exists  only  in  streams  emptying  into  the 
MiBSoari  Biver  above  the  Great  Falls,  ])rincipally  in  Deep  or  Smith 
River  and  its  tributaries,  and  in  the  three  forks  of  the  Missonri,  the 
Jefferson,  Madison,  and  Gallatin  rivers,  and  their  atlluents.  It  prefers 
clear  stresims  of  pure  water  with  sandy  and  gravelly  bottoms,  though  it 
occasionally  extends  its  range  to  those  well  strewn  with  bowlders  and 
broken  rocks. 

The  Arctic  grayling  (77f^ma//'/«  Hujnifer)  is  found  from  the  ]\Iackenzie 
Biver  westward  through  Alaska  and  nortli  to  the  Arctic  Oc^an. 

The  Michigan  grayling  s])awns  in  April  and  the  eggs  are  nonmdly 
laid  in  gravel  beds  in  clear,  cold  streams,  in  water  having  a  tempera- 
ture of  50O  to  60O  F.    The  incubation  period  is  1  i  to  20  days. 

The  spawning  season  of  the  Montana  grayling  is  in  April  and  May, 
depending  largely  on  the  temperatuie  of  the  water.  In  the  north  fork 
of  the  Madison  River  the  water  is  comparatively  warm,  and  the  gray- 
ling spawns  a  month  earlier  there  than  in  otiier  waters  of  Montana. 
In  connection  with  the  hatchery  of  the  (Commission  at  Hozeman,  an 
egg-collecting  station  has  been  established  on  Klk  Creek,  one  of  the 
feeders  of  Red  Rock  Lake,  where  the  llsh  are  taken  in  a  trap  as  they 
ascend  to  the  spawning-beds.  They  will  proceed  long  distances  to  lind 
suitable  spawning-grounds.  At  the  ai)proach  of  the  season  they  go  up 
the  Jefferson,  through  l*>eaver  Mead  and  Ivcil  iiock  rivers,  to  Red  Rock 
Lake,  14  miles  in  length,  and  through  the  lake  to  the  inlets  at  its  head. 
Atler  spawning  they  return  tliron;;h  the  lake  to  the  rivers  below,  none 
stopping  in  the  lake,  which  is  totally  unsuitable  for  them.  At  spawning 
time  Elk  Creek  is  fairly  alive  with  grayling  on  the  gravelly  shallows, 
where  their  large  and  beautiful  <lorsal  (ins  arc  to  be  seen  waving,  clear 
of  the  water,  in  the  manner  of  shark  tins  on  a  Hood  tide.  So  eager  are 
they  to  ascend  that  they  wonhl  b<'  smothered  in  the  trap  were  they 
permitted  to  enter  at  all  tinies,  and  the  trap  is  therefore  opened  only 
for  a  limited  time  during  thr  day. 

Although  the  <*ultivati()n  of  the  Michigan  grayling  was  undertaken 
as  early  as  1874,  it  was  never  icgularly  or  extensively  conducted.  The 
artificial  propagation  of  the  Montana  grayling  was  begun  at  J>ozeman 
in  1898,  and  in  1890  5.3()(),(MH)  eggs  were  taken  and  4,507,000  fry  were 
hatched  and  liberated.  The  number  of  eggs  varies  from  2,0iK)  to  4,000 
to  a  fish,  averaging  l*,500  to  .*>,(MK).  They  are  about  0.14  inch  in  diam- 
eter, and  run  from  7.'>0  to  SK)  t^  a  lluid  ounct*.  The  eggs  in  the  ripe  llsh 
lielooselyin  the  abdominal  cavity,  and  the  lish  is  (piite  easily  strii)ped. 

The  eggs  are  fertilize<l  by  the  <lry  i)rocess  and  fully  Or»  per  cent  are 
fecundated.  When  tirst  extru<led  th(^y  are  perfectly  free  and  separate, 
and  are  of  a  rich  yellow  color  owing  to  the  presence  of  a  large  oil-drop 
which  makes  them  almost  seuji  buoyant ;  after  a  few  days  they  become 
almost  colorless  ami  as  clear  as  crystal,  if  ])laced  on  ordinary  flat 
trays,  crowding  each  other  and  exposed  to  a  lateral  current  of  water, 
the  eggs  adhere  in  bunches,  and  fungus  soon  a]»i)ears,  entailing  miu>h 
labor  in  picking  and  a  great  loss  of  eggs.    The  embryo  becomes  very 
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arhvi*  iHdbi-v  the  eye-Hpnts  appear,  and  the  vggs  are  apt  lo  tli>atl 
l>»ui  tUt^  truy^.  Fur  tliv-se  n*JK«4>iiii  th«y  sbmilil  Ito  (tytil  In  Lah'hl 
jam,  iirelerably.  or  in  ttaobcta  in  troagba,  aach  as  ar^  UHvd  for  liato 
Hiimoii  where  the  current  nf  water  or  presKure  in  frnai  below.  Atel 
the  e>'e-8pots  appear  tbe  egf;a  are  heavier  and  can  bo  hat«lit-d  like 
trout  oggK,  on  urdiDary  Dat  tmye.  Thv  ey(«-«pot»  are  »m»]\  gilt  s]H>vks 
with  A  niiiiiiln  blark  pupil,  and  apgiear  in  fi  i>id  3  to  H  days.  Tbe  ]>eriud 
of  incubation  is  from  10  to  15  days  at  a  temperuture  uf  'l^^'  F.  Wliea 
first  batched  the  try  have  a  very  small  yolk-twc,  which  ik  »l>twrbe<l  in 
about  a  week,  whvD  they  bvcume  free-swimming  animals  iilKiut  half  xn 
ineh  luiifr  iind  t\MiU:  Mender  and  delicate,  resembling  tbe  fry  of  wbilc iLsh 
or  shml. 

Kiuely  ground  liver  in  tbe  bej«t  artlllcini  fixtd  for  grayling  fry;  tliiB 
they  take  very  well.  Dry  or  floating  food  has  been  tried,  but  without 
succMs.  Ilaked  liver,  ground  very  Hue,  hsh  vwke.  yolk  of  h»rd  Ixiiled 
egg,  com  meal,  ete,,  were  given  a  Atir  trial,  bat  all  were  reigned  fi:cei>t 
the  i>owdered  yolk  uf  egg,  whielt  waK  eAlen  «]>ariiigly ;  beef  chojijveil 
fiiii>  and  rnbbnd  tliroiigh  a  »ieve  wan  also  refaaed.  Ad  examinatioi 
with  the  microMHiiHs  sbowH  that  tlie  fry  haw  two  sharp,  retrorfit;  leoC' 
iu  Ibe  upper  jaw,  similar  totbnwin  the  (ry  of  tbe  lake  whitetish.  Thi 
would  indicate  that  their  natiira)  food  ia  minate  animal  orgaui.-4ms,  an 
experience  ut  tbe  station  liati  eoutirmed  this  .supposition.  Such  food  i 
not  fuuud  in  spring  water,  wbieb,  moreover,  ia  usually  Um  cohl  for  tb 
dulif^tu  grayling  fry.  It  ha»  ^m  boeu  found  tfaat  after  feeding  for 
wi-ek  or  ten  days  in  the  hatch  in  g-trougbn  containing  spring  water  witl 
a  tcmjiorntnro  of  l.T'  F.  tliey  began  to  die  from  the  liii'k  of  wuriiie 
water,  «uitsliiuf.  iind  tlieir  natural  food. 

Ak  sooti  as  the  fry  bo;rin  to  swim,  and  before  tbe  yolk-sac  is  entirelj 
absorbed,  they  should  be  tran.sferred  to  shallow,  .suiiuy  nursery  i>oiids 
with  11  deep  ('urrcnt  and  supplied  with  creek  water  with  a  temperature  o 
CO'^  to  irP  F.  At  this  period  they  have  been  kept  alive  in  a  Jar  of  std 
water,  without  chmige,  for  four  days,  showing  that  they  could  be  success 
fully  transported  iii  oans  for  ])Iantiug,  at  this  age.  Unlike  trout  fry 
which  seek  tbe  sliado,  trniyliiig  fry  keep  on  the  aunuy  side  of  the  jwoda 
They  begin  foraging  lor  natural  food  a.s  soou  as  placed  iu  the  (wnds,  ant 
arc  extremely  active.  If  the  water  contaius  plenty  of  natural  food,  the; 
will  do  well,  but  at  lirst  they  ai-e  fed  at  least  six  times  a  day. 

The  usual  method  of  packing  trout  and  salmon  eggs  for  traasporta 
tiuu  will  not  answer  for  grayling  eggs,  which  will  not  bear  crowding©: 
pressure.  The  egg  trays  nuist  be  ijuite  shallow,  the  frames  not  over  . 
inch  in  depth,  witli  a  cotliui-Hanuel  bottom  tacked  on  tightly.  The  eggi 
are  placed  iu  a  single  layer,  covered  with  damp  mosquito  netting.  Th< 
tcmiterature  must  not  go  above  4;»o  F.,  and  should  be  kept  lower,  i 
possible,  by  packing  ice  with  mos.s  or  shavings  on  all  sides  of  the  stacl 
of  tray.s  in  the  egg  case.  The  ice  hopper  on  top  is  of  uniform  area  witl 
with  perpendicular  siiles  instead  of  the  usual  llariu;;  sides,  b 


THE  WHITEFISH. 


DESCRIPTION,   COMMON  NAMES,  ETC. 

The  common  whiteflsh  (Coregonus  clupeiformis)  is  eminently  a  lake 
fish.  It  exists  throughout  tlie  Great  Lakes  region,  and  is  especially 
abnndant  in  lakes  Erie,  Huron,  Michigan,  and  Superior.  The  eastern 
limit  of  its  range  is  Lake  Ghamplain,  and  it  is  found  in  Lake  Winnipeg, 
and  possibly  farther  west.  It  is  landlocked  in  Otsego  Lake,  New  York. 
Efforts  to  introduce  it  into  new  waters  in  the  States  of  the  Pacific  Coast 
and  Bocky  Mountain  region  have  not  as  yet  been  successfuL 

Its  body  is  rather  long  and  compressed,  and  the  back,  especially  in 
adults,  is  arched  in  front ;  the  greatest  depth  is  about  one-fourth  the 
body  length.  The  head  is  small  and  short,  contained  about  5  times  in 
the  length  of  the  body;  the  snout  is  blunt;  the  mouth  is  small  and 
nearly  horizontal  with  the  lower  jaw  included;  the  maxillary  is  short 
and  broad,  reiiching  to  a  point  under  the  pupil;  the  mandible  extends 
to  a  i)oint  under  the  posterior  edge  of  eye.  Tlie  eye  is  small,  its  diam- 
ter  being  about  one-fifth  the  length  of  tlie  head.  Tbe  rays  in  both  the 
dorsal  and  anal  fins  number  11.  The  number  of  rows  of  scales  along 
the  side  of  the  body  varies  from  about  82  to  92,  with  about  11  above 
the  lateral  line  and  8  below.  Tlie  gillrakers  number  about  28,  of  which 
10  are  on  t\e  upper  arm  of  the  gill-arch;  the  longest  are  contained 
about  twice  in  the  length  of  eye.  The  general  color  of  this  fish  is  a 
satiny  white,  with  a  faint  ohve-green  shade  on  the  back.  The  fins  are 
uniformly  white,  exce])t  the  caudal,  which  normally  has  a  dark  edge. 

This  fish  has  a  number  of  common  names  in  different  parts  of  its  range. 
It  is  the  whitefish  par  excellence  of  the  United  States  and  Canada.  As 
found  in  Otsego  Lake,  Xew  York,  it  is  inappropriately  called  "Otsego 
bass."  In  allusion  to  its  humped  back  it  is  called  "high back  white- 
fish,^  "bowbaek  whitetish,"  "buil'aloback  whitefish,"  and  other  similar 
names,  m  Lake  Sux)erior. 

While  more  is  known  of  the  habits  of  this  species  than  of  any  other 
member  of  the  group,  many  phases  in  its  life  are  still  obscure,  as  it 
remains  in  deep  water  most  of  the  time.  Besides  the  regular  annual 
movements  of  the  schools  to  the  spawning-grounds,  there  are  other 
well-marked  migrations  in  some  lakes.  Whether  these  depend  on  food, 
1;emi)eratnre,  enemies,  or  other  causes,  is  not  known.  Owing  to  its 
small,  weak  mouth,  it  is  seldom  taken  with  a  baited  hook.  It  subsists 
on  minute  animal  food,  clnefly  crustaceans,  mollusks,  and  insect  larvae. 
The  food  of  the  fry  and  young  fish  is  almost  wholly  small  crustaceans. 
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OOMMKBCtAI.  AMD  POOD  TALCB,  ETC, 

The  wbitotislies  iu-i>  by  fnr  tlie  most  imtx>rtaut  grouj)  of  frusti-water 
fisbtK  of  North  America,  probably  of  tht-  world.  The  coninioii  white- 
fish  in  thei  be«t  of  the  tribe,  but  soiof)  of  the  othors  Di>ar1y  oquul  it  id 
merit,  and  all  are  more  or  leas  esteemed  ufi  food.  Among  tlie  fishes  of 
the  (treat  Laken  the  mmiuoii  whiteHsh  ranks  nest  in  valae  to  the  lake 
berriug,  lake  tronl.  and  wall-eyed  i)ike.  fii  lSi>7  the  catch  in  the  Unit«d 
Staten  amouiitecl  to  about  8,00(>,000  pountls,  haviug  a  value  of  nearly 
C;)0(l,IMHl.  If  to  this  is  added  the  yield  of  lake  hemug  and  other  spe- 
ci«i«  of  whit«liBh,  the  aggregate  is  over  57,(HKi,OiK)  pounds,  haviug  a 
value  of  neaily  t?«XI,00(l.  The  mttrket  value  of  the  whitclishes  taken 
in  ISflS  in  tlie  British  Proviut-e*  was  rujiorted  im  ?877,0(X1,  a  sum  repre- 
HODtiug  ubout  ]8,J00,IX)0  ponnds. 

The  common  trbitefish  reaches  a  larger  size  than  any  other  Rpecies 
of  wbitclish  ill  the  United  States.  Kiampii?s  weigliiug  over  20  pounds 
have  been  taken,  but  the  average  weight  ifl  under  4t  ]>0HijdK. 

Whitetlsh  tlshiD);  is  done  iihietly  with  gill  nets  set  at  or  near  the  bot- 
tom in  coniiiarativi'ly  dttep  water,  iilthough  considerable  quantities  of 
whitefish  are  also  taken  in  pound  nets,  trap  net;*,  and  seines.  A  very 
largo  part  of  the  cstoh  reachcji  the  market  in  a  fresli  condition,  althoagh 
formerly  couBidcrable<iuantitie((  were  salted.  The  lending  centers  of 
the  trade  are  ('hicago.  IJptroit,  Sandusky,  Cleveland,  Erie,  and  Buffalo, 
n  hence  the  fish  are  .shipjied  frozen  or  in  u:v  tu  all  parts  of  the  country. 


The  spawning  season  of  the  whitelish  begins  the  latter  part  of  Octo- 
ber and  continues  iuto  December.  At  that  sea.son  there  is  a  general 
movement  of  tiie  tisii  to  shoal  parts  of  the  lakes,  similar  to  the  migra- 
tion of  ana^Iromous  fishes  from  the  oceau  to  the  rivers;  some  of  the 
foreign  wliitefishea  iire  typical  anadromous  species.  All«r  spawuing, 
the  fish  return  at  one*  to  tlie  deeper  water. 

The  spawning  habits  of  whiteli.sh  confined  in  pens  have  been  observed. 
The  fish  rise  to  the  surface,  occjisionally  in  pairs,  sometimea,  btit  rarely, 
jn  trios  of  one  female  and  two  males,  the  female  emitting  a  quantity  of 
spawn  at  each  rise.  The  males,  always  the  smaller  fish,  persistently 
follow  the  female  and  discharge  milt  at  the  same  time  the  eggs  are 
emitted. 

Wliitefiah  reach  maturity  in  the  third  or  fourth  year.  A  fall-grown 
specimen  deposits  from  1(1,000  to  '.'ijOOO  eggs,  depending  on  the  fish's 
size.  A  rule  for  detenniniug  the  iipproximate  spawning  capacity  is  to 
allow  about  10,000  eggs  for  each  poniid  of  the  fish's  weight.  The  eggs 
are  an  eighth  of  an  inch  in  dianit'tcr,  and  .'lO.OOil  make  a  fluid  quart. 
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nlaiu8)j  commonly  known  as  "lizard''  or  "water-dog"  by  the  people 
along  the  lakes^  i»  especially  destractLve.  Daring  the  month  of  Janu- 
ary, 1897,  many  of  these  animals  were  pumped  up  with  the  water 
supply  of  Put-in  Bay  station.  The  stomachs  of  a  considerable  number 
of  them  contained  whitefish  and  cisco  eggs,  the  contents  of  one  stomach 
being  288  whitefish  eggs  and  4  cisco  eggs. 

Another  voracious  destroyer  of  whitefish  eggs  is  the  common  yellow 
perch  {Perca  flavescens).  The  deck  of  a  boat  has  been  seen  covered 
with  the  eggs  of  the  whitefish  and  ciseo  pressed  out  of  the  stomachs  of 
perch  taken  irom  gill  nets  the  last  of  November  on  the  reefs,  where  they 
had  gone  to  feed  on  the  eggs. 

The  various  smaller  Cyprinidie  and  some  other  fishes,  crawfish,  and 
wild  fowl  make  the  eggs  of  fishes  a  considerable  portion  of  their  diet, 
those  which  require  the  longest  i)eriod  in  hatching,  of  course,  suffering 
most. 

ARTIFICIAI.   I'ROPAGATION. 

The  artificial  propagation  of  whitefish  has  long  since  passed  the 
exi>erimental  stage  and  has  attained  a  high  degree  of  perfection.  The 
work  can  be  carried  on  with  great  facility,  and  its  value  is  especially 
apparent  when  it  is  considered  that  under  natural  conditions  only 
a  very  small  percentage  of  the  eggs  hatch,  while  through  artificial 
propagation  from  75  to  95  per  cent  are  productive.  Practically  all  the 
eggs  taken  for  hatching  purposes  are  obtained  from  fish  caught  by  the 
commercial  fishermen,  which  would  otherwise  be  lost. 

The  methods  of  culture  hereafter  referred  to  are  those  adopted  at 
the  Put-in  Bay  (Ohio)  station,  but  these  do  not  difl'er  in  any  essential 
particular  from  those  in  general  use. 

In  the  fiscal  year  1897-98  the  United  States  Fish  Commission  hatched 
and  planted  88,488,000  whitefish  fry,  and  in  1898-99  162,755,000  fry 
were  hatched  and  liberated  in  suitable  waters. 

HOW  THE  KGGS  ARE  TAKEN  AND  TREATED. 

The  taking,  impregnating,  and  handling  of  the  whitefish  eggs  are 
Bimx>le  processes,  but  require  great  care  at  every  stage.  Eggs  are 
often  injured  by  undue  haste  in  stripping,  and  many  are  lost  by  allowing 
them  to  fall  too  great  a  distance  into  the  spawning-pan.  Eggs  are  very 
delicate  when  first  taken  and  before  the  absorption  of  water  has  made 
the  investing  membrane  tense,  and  if  roughly  treated  will  be  seen  to  be 
ruptured  as  viewed  under  the  microscope.  With  care  about  four-fifths 
of  the  eggs  will  hatch.  While  scarcity  of  milt  may  lead  to  the  non- 
fertilization  of  the  eggs,  the  manner  in  which  the  milt  is  brought  in 
contact  with  eggs  is  a  more  common  cause  of  failure. 

The  eggs  supplied  by  eacli  spawn-taker  should  be  examined  daily, 
and  if  it  is  found  that  a  considerable  number  have  ruptured  yolks  it  may 
be  taken  for  granted  that  the  spawn-tiiker  has  handled  the  fish  and  eggs 
roughly,  and  if  many  are  uuini]>rognated  it  is  evident  that  he  did  not 
use  sufficient  milt  or  that  it  was  not  properly  apY>\ted  \;o  Wi^  ^^"S^* 
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At  P«t-iD  Bay  ^ggp  »rt  obtuioed  from  fleli  captured  in  pound  ncu 
aiid  gill  oots,  oft«o  at  coosidemble  distan<«8  frutn  the  Hiatton.  Ilie 
spawn-taker,  who  is  employed  to  take  the  eKgf^  troai  the  flsh  ntt  tiiey  w 
ljft«d  from  the  nets  into  the  boat,  bun  with  hiin  tvo  or  threi*  A  <t"xri 
pant),  ay.ited  vith  aKplialtnm  ramifib  to  prevent  niattnK,  In  wbirb  lit^ 
takeN  the  apawii ;  a  wooden  kcf:  or  tin  can  holding  (ntia  lu  to  I'l  gaUuiu; 
a  10-qniirt  wooden  pail,  and  a  tin  dip|>er.  He  is  cluibvd  in  wuterpreof 
ganneiit«,  and  bla  ivit  haiid  i»  t-overvd  with  a  wouluo  loiUeo  roroM- 
veuiet)c«  iu  handling  the  llsli. 

After  acvenil  ripe  It^msleH  and  some  ripe  mules  are  i-otlected.  b  fbimlc 
in  taken,  and  thu  bodjr  Hlimc,  whiuh  will  interfere  with  tnipii<;;iiAtloo  tf 
it  falto  ioto  the  pan,  in  rarvfully  n^moved.  The  st*^wii-taker  thui 
gra.spt<  the  fl»h  firmly  in  bis  left  hand,  just  forward  of  ih^  uiil,  with  tbt 
back  of  the  hand  downward,  the  IiiiKer8  oniward,  tho  rhtimb  obove  and 
pointing  ontward,  the  faewl  of  the  &t<h  Iteing  toward  the  8[>awti  taks*^ 
body.  The  right  band  is  pW^fd  under  the  R»h  juot  back  of  the  iwcIdrU 
lin»,  with  the  wri!>C  pre^sliifc  the  h<'iid  of  thv  (Ish  finoly  u^itiftt  the  l>ody, 
tb«  thumb  outward,  lingi-m  tiiwui-d,  thus  {irutiping  the  upp«-  abdomea 
firmly.  Tlic  fish  is  now  at  an  iiuj;lc  of  uvwly  45-'.  the  bocly  tarmXngh 
niodiBe<lcresi'eut,with  thevciit  within  J  or '•inches  of  the  bottom  of  liiu 
pan.  This  position  of  the  tish*s  body  brinifs  pressure  on  the  Abdonwn, 
faeilitateit  \he  flow  of  the  eggs  through  gra\i^  and  the  oiMJotiif  of  lbs 
vent,  and  iirevents  injury  to  tbem  from  falling;  too  fur. 

Gentle  pressure  being  now  applied,  the  eggfl  flow  in  a  steady,  litioid 
stream  abtiut  a  quarter  of  an  iuch  in  diameter,  and  »  coiniiddrahlM 
portion  of  them  will  be  pn)cured  before  the  hand  need  be  uiove<L  As 
Boon  as  the  stream  slackena  the  hand  fs  slowly  morud  toward  the  vent, 
but  only  fast  emmgh  lo  keup  the  eggs  coming  in  a  continual  stream. 
Wheti  it  finally  slopa  the  haml  is  rfphiccd  iu  its  former  position  and 
the  proi't'ss  repei>te<l  until  all  the  good  eggs  are  procured.  If,  as  is 
frequently  the  oase,  wheu  nearly  all  the  ripe  eggs  are  omitteid  a  con«d- 
erabic  number  of  wliit«  ones  ajipear,  the  work  s*lionId  stop. 

The  dry  process  of  impregnation  is  now  uuiverHally  considered  to  be 
the  l>ett«r,  and  the  pan  iu  which  the  eggs  are  taken  is  only  dampened 
by  dipping  it  into  wsiter  bt'lbre  the  stripping  begins.  Alter  two  or  three 
females  hare  been  manipulated  the  milt  from  one  or  two  mal&i  is  added 
to  the  mass  of  eggs.  This  is  done  by  grasping  the  fish  between  the 
thumb  and  lingers  2  or  '.i  inches  forward  of  the  vent  and  moving  them 
towanl  the  opening.  The  milt  comes  iu  a  stream,  an  average  fish  pro- 
duoiiig  about  a  teaspoonful.  If  ripe  males  are  scarce  the  fish  ia  laid 
aside,  as  he  may  be  used  again  in  a  few  minutes  and  considerable  addi- 
tional milt  procured. 

When  the  pan  is  onc-balf  or  twn-thirds  full  of  spawn  and  milt,  the 
snuwntaker  centlv  stir^  the  ecca  to  incur  iKtmte  Ihem  thonni?hlr  with 
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three  minutes,  the  water  is  poured  off  and  fresh  water  added,  and  this 
its  repeated  until  the  water  comes  away  clear,  when  the  egf^s  are  [loured 
into  the  keg  or  can  previously  filled  with  water,  and  the  work  of  taking 
spawn  is  continued.  Before  adding  another  lot  those  i)reviousIy  put  into 
the  keg  are  gently  stirred.  It  is  necessary  to  change  the  water  on  the 
eggs  at  least  once  an  hour,  and  oftener  if  the  weather  is  warm,  and  the 
eggs  should  be  gently  stirred  to  the  bottom  of  the  keg  every  30  minutes 
until  they  are  phK-ed  in  running  water  in  the  hatchery. 

When  the  spawn-taker  has  tinishetl  he  turns  over  the  eggs  to  a  man 
in  charge  of  the  field  work,  who  cares  for  them  until  the  collecting 
steamer  comes,  when  they  are  taken  aboard  and  transported  to  the  sta- 
tion, some  2  to  5  hours  having  elapsed  since  they  were  taken.  At  the 
station  the  eggs  are  kept  in  the  kegs  in  which  they  were  place<l  by  the 
spawn-taker  and  a  stream  of  water  of  about  2  gallons  per  minute  to 
each  keg  is  kept  running  on  them  until  the  next  morning,  and  they  are 
stirred  to  the  very  bottom  oiue  an  hour  in  the  meantime.  In  this  way 
tte  eggi^  are  given  time  to  harden  with  less  injury  than  if  they  were 
immediately  placed  in  the  Jars. 

Formerly  in  shii)ping  eggs  long  distances  they  were  kept  in  running 
water  in  kegs,  under  tiie  care  of  a  watchman,  but  it  has  been  found 
much  better  to  ship  them  in  cases  on  trays.  After  having  been  in  water 
8  or  10  hours,  whitelish  ova  mav  be  safelv  placed  two  or  three  lavers 
deep  on  trays  and  shipped  indefinite  distances.  If  the  we^ither  is  warm 
(55^  or  (HP  F.)  the  cases  must  be  surrounded  with  ice,  or  sawdust  and  ice. 

In  placing  the  eggs  on  tlie  trays  a  perforated  dipper  is  used  and  a 
little  practi(;e  soon  siiows  about  how  many  to  dip  out  for  each  tray,  and 
if  just  enough  water  is  left  witli  the  eggs  a  slight  tilting  of  the  tray 
will  distribute  them  evenly  over  its  surface.  Then  by  setting  the  tray 
with  one  corner  on  the  floor  and  the  diagonally  o])posite  corner  raised 
3  or  4  inches,  the  surplus  water  will  soon  drain  off.  This  maybe  facili- 
tated by  slipping  a  thin  wooden  wedge  between  the  cloth  and  wood  at 
the  lower  corner  of  the  trav. 

In  shipping  a  distance  of  10  or  50  miles,  the  trays  may  be  placed  in 
the  cases  with  no  otluT  protection  from  change  of  temperature  than 
the  wood  ot  whi<h  they  are  constructed— an  inch  thickness  of  tray  and 
an  inch  of  case  with  an  in(*li  of  air-space  between — which  is  found  to 
be  safe  in  a  cool  4*ar  or  room  in  a  boat,  but  for  longer  distances  about 
20  trays  are  fasteiu'd  tog(*t]icr  with  thin  strips  of  W(K)d  tacked  to  either 
side  and  placed  in  a  large  case  with  from  1  to  0  inches  of  pine  sawdust 
well  packed  on  every  .side. 

After  the  eggs  arc*  j)laced  on  trays  and  drained,  they  are  covered 
with  a  thickness  of  mosquito  netting,  well  washed  and  left  damp,  and 
over  this  is  packetl  <*nough  damp  moss  to  fill  the  tray  even  with  the 
surface.  If  eggs  are  to  go  by  express,  unaccompanied  by  a  messenger, 
directions  are  fastened  to  th^*  <-ase  stating  that  they  must  bo  kept  cool 
but  not  permitted  to  freeze.  Whitefisli  eggs  have  been  safely  ship]»ed 
in  this  way  from  Northville.  Michigan,  to  Australia.      If  the  eggs  are 
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to  he  Hhipped  n.  sbort  distance — 25  to  60  miles — it  ia  not  necessary  to 
oover  tbem  with  nioas. 

The  trays  used  at  the  station  are  IG  inches  sqnsro,  outside,  and  are 
iDitdu  of  white  pine  J  by  1  iuuh,  muitiwd  together  at  the  corners  with 
the  wi(lej4t  stile  of  the  sti'ii>  liamootal.  On  the  bottom  of  these  frames 
heavy  canton  flannel  is  tncked,  so  tliat  the  nap  will  come  next  to  the 
eg^H  wlien  id  use.  The  chith  should  be  stret(;hed  very  tant,  otherwise 
it  will  sag  on  being  wet  and  drieil.  The  tacks  are  put  2j  to  S  inches 
apnrt^  so  that  in  a  year  or  so  it  i;an  be  retaclced  between  the  ones  first 
driven  to  take  up  tlie  slack.  The  trays  are  made  square,  as  they  then 
go  into  the  cases  either  way  and  lime  is  saved  in  packing;  square 
cases  are  also  more  convenient  in  storing  and  in  handling  generally. 
Snch  a  tray  will  hold  5l),IMK)  eggs. 

If  tliu  <-'gg»  hnvc  Ut  be  retair)ed  for  several  days  in  the  field,  they  are 
BometimcM  ki-pt  in  floating-boxes  adapted  for  this  purpose.  (Sec  descrip- 
tion of  this  box  on  j).  95.)  But  unless  the  couditions  are  very  favor- 
able it  is  &r  better  to  place  the  eggs  on  trays,  sprinkling  them  lightly 
once  in  two  or  tliree  days. 

When  taken  fVom  the  kegs  and  trays  at  the  liatcliery  the  eggs  are 
passed  through  a  screen  {with  meshes  sufticiently  large  to  permil  the 
passage  uf  a  single  egg)  in  order  to  remove  scales  and  other  foreign 
Bubxtauces  that  may  be  present.  The  screen  is  floated  in  a  washtub 
purtly  filled  wilh  Wiiter,  (he  wire  netting  being  well  submerged. 

For  handling  eggs  and  fry  wooden  kegs  are  by  some  preferred  to 
tin  cans,  as  they  do  not  subject  the  eggs  and  fry  to  suddeu  chimges 
of  temperature,  their  contents  are  easily  examined,  and  the  water  is 
more  readily  poured  off  without  danger  of  losing  eggs.  The  kegs  are 
much  lighter,  only  cost  a  third  a.s  much  as  cans,  and  last  longer,  l-'or 
shipping  in  wagons  or  by  rail,  however,  tin  cans  with  covers  are  indis- 
pensable. Kegs  should  be  made  of  white  pine,  painted  ontsiiU'  but 
nor  within,  and  hold  about  15  gallons  each,  and  should  be  provided  with 
iron  drop  handles. 

PEHNING  WILD  PISH. 

The  uncertainty  of  the  seasons  and  the  liability  of  failure  to  obtain 
spawning  tisb  owing  to  severe  storms  which  occur  in  November,  make 
it  desirable,  wherever  prai^ticable,  to  capture  lish  in  favorable  weather 
and  place  them  in  jwns  until  ripe.  After  the  flsh  are  driven  off  their 
spawning-grounds  by  severe  storms,  they  do  not  return  in  large  nunit>ers 
dnriny  the  spawning  season,  and  the  only  way  to  insure  a  satisfactory 
sui>ply  of  eggs  is  by  penning  the  fish. 

Nets  have  been  tried  for  penning,  but  they  do  not  aflbrd  sufficient 
facilities  for  sorting  the  lish  of  various  degrees  of  ripeness  and  the  lish 
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4  feet  wide,  and  4  to  8  or  more  feet  deep.  They  should  be  placed  end 
to  end  in  two  rows,  some  3  or  4  feet  apart  with  a  plank  walk  between, 
for  convenience  in  caring  for  them.  The  fish  must  be  handled  as  little 
and  as  gently  as  possible,  otherwise  the  eggs  will  form  into  a  hard  mass 
and  never  ripen.  One  cause  of  injury  is  the  scoop  net  with  which  they 
must  be  handled;  the  knots  and  the  twine  are  so  hard  that  they  injure 
the  delicate  scales  of  the  whiteiish,  which  struggles  violently  when 
taken  from  the  water.  A  net  made  by  punching  suitable  sized  holes 
in  a  sheet  of  thin,  soft,  flexible  rubber  would  be  yielding  and  perhaps 
cause  the  least  injury. 

HATCHING  METHODS  ANT)  EQinPMENT. 

At  Put-in  Bay  the  water  for  hatching  is  obtained  from  Lake  Erie 
through  a  pipe  that  extends  75  to  KH)  feet  into  tlie  lake.  I^umps 
elevate  the  water  to  the  loft  of  t\w  liatchery,  where  it  is  received  into 
supply-tanks,  whence  it  is  distributed  by  the  usual  methods  of  piping. 
The  circular  supply-tanks,  two  in  number,  are  about  11  feet  in  mean 
diameter,  8  feet  high,  and  h<ave  a  capacity*of  5,0(M)  gallons  each.  These 
tanks  are  necessary  to  give  an  equal  pressure  in  the  pipes  and  to 
provide  a  supply  of  water  in  the  event  of  cessation  of  ])umping.  A 
gauge  in  the  boiler  room  shows  the  height  of  water  in  the  tanks. 

Whitefish  eggs  are  hatched  in  the  McDonald  Jar  and  tln^  Chase  jar; 
the  former  is  in  more  general  use  in  the  United  States  Fish  Commission, 
although  both  give  satisfactory  results.  The  eggs  are  put  into  the 
hatching-jars  by  means  of  a  dipper  having  a  perforated  bottom.  The 
proper  number  to  a  jar  is  .'5fJ  <  quarts,  as  determintHl  by  a  gauge ;  these  will 
swell  to  4J  quarts,  which  is  about  the  proper  (i  uantity  for  the  jars  used. 

The  form  of  the  embryo  whitefish  can  be  seen  in  the  egg  by  the  use 
of  a  magnifying  glass  in  from  10  to  15  days  and  the  ey(»  specks  and 
color  stars  in  from  15  to  20  days,  the  time  dei)eiuling  much  on  the  tem- 
perature of  the  water.  The  fry  being  hatched,  the  foodsae  is  absorbed 
in  from  5  to  15  days,  varying  somewhat  with  t\w  period  of  ineubation. 
If  hatching  is  long  retarded  by  low  temperatures,  the  sac  will  be  nearly 
all  absorbed  when  the  fry  hatches. 

The  microscope  is  a  great  aid  in  whit<»fish  culture,  enabling  the 
operator  to  determine  the  exact  percentage  of  dead  eggs  and  to  a  great 
extent  the  cause  of  their  loss,  thus  allowing  him  to  reuuMly  some  if  not 
all  the  evils.  For  examining  eggs  in  their  early  stages  the  microscope 
is  plained  horizontally,  the  eggs  being  held  in  a  cell  tilled  with  water. 
This  may  be  easily  made  by  fastening  two  ordinary  glass  slides  to  a 
strip  of  wood  an  eighth  of  an  inch  thick,  with  a  porti<m  cut  away  to 
form  a  receptacle  for  the  eggs.  The  wood  is  thoroughly  saturated  with 
asphaltum  varnish,  and  after  drying  the  sides  should  receive  a  thin 
coat,  the  slides  being  laid  on  and  placed  under  pressure  to  dry.  When 
dry  an  additional  coat  to  the  outer  joints  of  contact  will  guard  against 
possible  leaks. 
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IftlieeggbeexiiniinpiXi  or  8  bount  after  it  is  fertilized,  the  germinal 
disk  will  be  rouiiil  lo  have  <-onirai-teil  to  a  saucer- shaped  cap  exteadiii;; 
nrer  ivliotit  a  llfth  uf  the  surface  of  the  yolk.  It  is  smooth  and  even, 
gradimlly  Ihiiniing  t^i  a  Rlmr)>  oiit«r  run,  with  a  thi<;)ciie«i^  in  the  irt- nti^r 
of  thef)i[>uf  aboutit  Hfthofiti*  diamvUT.  At  this  stage — segmenlation 
not  having  i^omint-uued — the  im|iri.*giiatod  eggs  eiiii  not  be  told  from  th« 
tioinipr4^^iiul4'd  unex.  At  IS  honrsKegmentaJiun  will  be  well  advauccd 
and  the  disk  will  have  contracted  iiiUi  hix  ur  eight  ruiiuded  uodalea  of 
Queven  size,  with  well  dellu»j  valleys  between,  there  being  no  longer 
a  sharp  rim  to  the  diHlt.  At  24  hourH— the  best  time  to  dBtermi&e 
the  per(-«ntiige  of  live  eggs — the  disk  presents  a  tv)mewbat  tdmiliir 
ftppeiimace,  except  that  it  will  be  divided  into  Sfl  or  more  segment*, 
easily  seen  under  the  glass;  the  disk  of  the  uniiiipregnuted  egg  of 
the  sHirie  age  forms  au  almost  exact  hemisphei-e,  is  perfectly  «ituootb 
iu  appcHrance,  and  is  theiefore  easiJy  di-stingiiishcd  from  the  live  vgg. 
JSegmentHtion  now  got-s  on  rapidly,  and  at  '2  hours  th<«  cells  look  under 
a  1-inch  objective — a  suitable  power  to  use  in  this  work — about  the 
size  ol  a  niui^tanl  seed,  the  disk  having  in  the  uiuautime  assumed  an 
bemispheriuil  shape. 

During  fhe  entire  period  of  inenbation,  but  more  es)>ecially  during 
the  early  stages  of  growth,  the  eggs  should  be  worked  as  gently  as 
imssibla;  that  is,  only  sufllcient  wntcr  should  be  used  to  keep  them  in 
alow  motion  and  to  pi-cveiit  "batiking,"  At  the  commencement  they 
rtMiuire  about  II  qiiiirts  of  water  per  minute  to  the  Jar,  but  later  they  will 
rmi  Willi  It  qiiiirt  less  per  luitmte.  Tho  cygs  require  (■■instant  watching 
for  the  lirst  week  or  more,  and  although  uol  cousidored  an  adhesive  egg, 
agglutination  takes  place  occasionally  when  the  water  becomes  roily. 
Unless  the  "biinUs"  so  formed  are  separated  by  gently  stirring  them 
with  a  long  feather  (the  long  win^'  feathers  of  a  turkey  are  suitable), 
the  eggs  forming  the  psiuk  soon  die  and  form  a  mass  in  the  Jar. 

In  a  few  days,  varying  with  the  tcmper;itiire  of  the  water,  the  tinini- 
preguated  and  other  dead  eggs  bet,'iu  to  "limgus" — that  is,  a  growth 
makes  its  appcaiance  ou  tlieni  ami  they  rise  to  the  to])  of  the  egg  mass — 
when  they  must  be  removed  by  the  use  of  a  siphon,  antl  if  live  eggs  are 
amoiEg  those  drawn  oil,  they  must  lie  set  up  iu  what  are  called  "hospital 
Jars,"  where  the  live  and  dead  ones  are  more  readily  separated. 

The  dead  eRt;s  are  drawn  otl'  every  day,  otherwise  they  are  liable  to 
become  loa<lcd  wiili  silt  from  the  water  and  sink,  mixiuf;  with  the  live 
eiXK"  ii'"'  making  it  dillicnlt  to  separate  tliem. 

For  the  removal  of  dead  cgijs  from  llie  jiirs  a  long  distance  siphon  is 
used  at  Put-iu  I!ay  station,  which  s;ives  much  labor.  It  is  constructed 
thus:  To  the  short  end  of  the  ordiiiai'y  siplioii,  which  consists  of  a  thin 
quarter-inch  brass  tube  abtmt  a  foot  lon^  bent  iiilo  the  form  of  a  goose 
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house  if  desired.    The  connection  is  made  by  a  thin  brass  nipple  with 

the  same  interior  diameter  as  the  piecte  of  rnbber  tnbe  to  be  johied  by 

slipping  it  into  the  hmger  piece  and  lashing  it  on  tlie  outside  with  twine, 

leaving  about  three-quarters  of  an  inch  outsich^  to  slip  into  the  shorter 

piece  after  the  siphon  is  started.     The  other  end  ot*  the  h)ng  tube  is 

connected  with  a  like  piece  oi'  brass  tubing,  bent  to  a  <juarter  circle  to 

prevent  the  rubber  tubing  from  kinkinjx,  to  and  thr<m«,4i  the  center  of 

a  wooden  float  some  V2  inches  in  diameter  an<l  1  or  2  inches  thick. 

This  is  placed  in  a  tub  or  large  i)ail:  the  short  siphon  is  started  and 

X)nT  ^cted  as  above  described,  and  the  long  siphon  is  in  working  order. 

Th€     ater  runs  over  the  rim  of  the  tub  into  the  sluice,  over  whi<*h  it  is 

placed,  and  the  eggs  settle  to  the  bottom.     A  whole  hatchery  can  be 

oi)erated  without  moving  the  tub,  although  it  is  better  to  raise  it  5  or  (> 

feet  from  the  floor  for   the  up])er  rows  of  the  Jars,  as   the  suction 

otherwise  becomes  a  little  too  strong  and  liable  to  injure  the  good  eggs 

"%;vhen  passing  too  rapidly  through  the  tube. 

For  convenience  and  for  economy  of  space  and  water,  the  hatching 
j^rs  are  arranged  in  tiers,  constituting  what  is  known  as  a  '* battery." 
TLe  structure  of  a  battery,  with  its  complicati^l  system  of  suppl}'' 
ci^iDd  Wfiste  troughs  and  with  the  Jars  an<l  their  attachments,  is  rather 
clifiiieult  to  describe  clearly,  but  may  be  understood  by  reference  to 
¥>lateax 

Each  battery  is  divided  into  two  sections,  which  have  four  rows  of 

j^TS  on  each  side,  setting  on  shelves  ;i  fret  apart.    Tlu»  water  is  admitted 

t»li rough  an  iron  pipe  to  th(Mip|)ermost  cross  tank:  fro'm  there  it  runs 

^lito  the  uppermost  supply-trough,  whicli,  like  all  the  others,  is  13  inches 

^^ide  and  9  inches  deep,  insider  nieasiii-cmcnts.    T\\o  ii on  pipe  is  ])rovi<led 

^ith  a  ball-cock,  regulating  automati(?ally  the  supply  of  water.     The 

Supply- troughs  are  from  1*1*  to  M  fecM  long,  the  upper  ones  being  the 

^^ortest  and  the  lower  tin*  longest.     The  lirst  supply- trough  has  a  row 

^^  brass  cocks  on  either  side  taking  the  water  1  inch  from  the  bottom. 

"^  half-inch  rubber  tube,  (>  inrhes  long  and  foiining  when  adjusted  a 

^^arter  circle,  is  sli|>ped  ()\-er  the  outei-  end  of  the  e(>ck  and  the  upper 

^^d  of  the  iron  tulx*,  which  is  inserted  in  the  jar.    The  water  flows  from 

*^18  upper  supply  ti'ough,  which  may  be  called  >«'o.  1,  in  section  Xo.  1, 

*^Tough  the  cock,  rul)])er  tube,  iion  tube,  and  j;ir,  from  which  it  is  dis- 

^*^argedinto  what  may  hr  c;dled  wMste  tiough  Xo.  1,  which  is  directly 

^^low  supply  trough  No.  1.     This  discharges  its  watei*  into  a  cross-tank, 

yj^ e second  from  the  top,  which  carries  the  water  acrross  to  sup]>ly-trough 

"^  o.  2,  which  is  in  s(»ction  Xo.  -.     This  su])plies  the  second  of  the  eight 

^*Ow8  of  jars,  through   whicii  all  the  water  ])asses,  and  after  passing 

^^rouglitheJars,asb(»foredescribed.  it  empties  into  waste-trough  Xo.2,  in 

^©etion  Xo.  2,  which  carries  it  to  cross  taidv  Xo.  .'?,  which  in  turn  carries 

n  across  and  delivers  it  to  supply-trough  Xo.  ,'),  which  is  in  section  X'o. 

1.    Thus  the  water  go«^s  back  an»l  lorth  from  one*  section  to  the  other, 

dropping  a  step  at  each  passage,  until  it  Anally  enters  the  fry- collecting 

tank  on  the  floor,  which  is  ,'].]  feet  wide,  0  teet  long,  and  U  feet  deep. 


118        ItEPOET    OF   COMMISSIONER    OF    PlSIl    AND    FISHERIES.  ^ 

Tlie  rnjs8-tank»  ate  in  step:*,  likw  a  flight  of  sUirR,  whivU  aoamDis 
for  th«i  uiHHiiml  lengtlts  of  the  nuiiplytrouKhs.  Ea4*li  lias  an  overHow 
in  tlie  wilier,  over  wliioh  a  small  aiiioiiiit  of  waUT  is  kept  running,  s*) 
that  till!  atU^ndaiit  can  see  at  a  glaiiw  tliat  all  of  the  troiigbe  arc  fail. 
Screens  are  iiit«rpoiw(l  at  sucli  places  iu  t.))e  cross-taiilis  that  the  tiy 
lUfcliurged  intfl  th«iii  tijrouj:!!  the  waste-trouKha  can  not  enliT  the opiio- 
»ite  RuppIy-trouBhs,  but  will  Ilnrtt  with  the  overiiow  saccessiTOly  into 
the  lower  crosH-tauks  down  to  th^  fry-collecting  tanks. 

The  fry-col  I  wting  tanks,  one  for  i-acli  battery,  are  coimeotwi  with  the 
main  eolleeting  tjinks  hy  tnoaus  of  2-inch  gafljiii»e,  titU'd  with  valves, 
passing  under  the  tlitor  of  the  haU-hery.  The  niniu  tanks,  eight  in 
nunib<.*r,  are  .'1  feet  wide,  10  feet  long,  and  U  feet  deei>;  in  these  the  fry 
are  retained  until  dipped  out  for  Bhlpnient  or  planting. 

The  only  marked  (iitl'erenco  biitwecn  the  method  of  operating  the  jars 
at  Put-in  Kay  and  other  Htatiom«  in  the  u»e  of  a  ^  inch  iron  gas-pipe, 
instead  of  a  glaaa  tulw,  for  supplying  the  jars  with  water,  and  the  addi- 
tion of  a  tin  cone,  l>  inches  long  and  1  inch  in  diameter  at  the  lower 
em],  which  In  ttoldered  to  the  end  of  the  iron  pijio  and  reaches  within 
one-eighth  Inch  of  the  iHtttom  of  the  jai".  The  tube  is  held  in  placu  by 
ail  iron  brueki-t,  faNtcued  to  the  Happly-trough  and  held  by  a  thumb- 
Borew,  The  cone  has  the  effect  of  spreading  the  water  and  giving  an 
easier  and  more  thorough  motion  to  the  eggs  titan  can  be  obtained  with 
a  straight  tube. 

At  I'ut  in  Bay  the  water  paBses  through  eight  n>wB  of  jars,  and  the 
fact  that  the  eggs  in  the  lower  n.iw.s  of  jars  are  just  as  good  as  those 
in  the  upper  rows  is  proof  of  the  practicability  of  the  plan. 

The  jars  reipiire  0  (|narts  of  water  per  minute  to  each  Jar  on  the  top 
row,  this  amount  again  supplying  the  successive  tiers  of  jars  on  the 
shelves  below,  if  more  jars  are  phicwl  on  the  lower  shelves  than  on 
the  top  one,  a  greater  quantity  of  water  must  necessarily  be  added, 
ei|ual  Ut  C  quarts  of  water  to  each  jar. 

The  temperature  of  the  water  must,  of  course,  with  the  large  quan- 
titles  used,  be  what  nature  makes  it,  but  if  much  attove  50°  P.  good 
results  can  not  bo  expected  with  whitetish  eggs.  When  the  work 
begins,  early  in  November,  the  temperature  of  the  water  in  Lake  Krie 
ia  from  4IP  ti>  '>tP  F.,  wliile  late  iii  tlie  inimtli  it  is  generally  about  35° 
to  -fS^.  As  soon  as  the  lake  freezes  over,  or  ice  tu  any  considerable 
quantity  forms,  the  temperature  of  the  water  as  it  passes  through  the 
jars  remains  very  uniform  at  ;t-i^.  When  the  ice  goes  out,  which  is 
generally  about  the  middle  of  Marcli,  it  rises  slowly,  and  when  the  fry 
begin  to  hatch,  the  latter  part  of  the  month,  it  is  generally  up  to  about 
;j3o  or  ■M'>. 

The  Jiirs,  tubes,  trough.s,  etc.,  should   be  kept  scrupulously  clean. 
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two- thirds  coal  tar.  The  tar  should  be  as  warm  as  the  touch  will  bear, 
and  the  turpeutiue,  which  should  be  pure,  should  be  iulded  slowly  while 
the  mass  is  beiug  vigorously  stirred.  The  uiixture  dries  quickly  aud 
fonns  a  hard,  durable  surface,  which  is  entirely  waterproof  and  much 
more  lasting  than  asphaltum ;  it  is  also  much  cheaper,  an  important  item 
in  a  large  station.  While  applying  it  the  tin  pail  in  which  it  is  mixed 
is  kept  in  another  and  larger  one  partly  filled  with  moderately  hot 
water.  For  pitching  the  cnicks  and  joints  the  best  asphaltum  pitch  is 
nsed,  softened  with  paraffin  to  the  consistency  of  chewing-gum — that 
i8,jast  so  that  it  will  not  break  in  cold  water.  This  pitch  holds  firmly 
to  the  wood  and  keeps  its  place  in  warm  weather.  Other  pitches  which 
liave  been  tried  will  run  in  warm  weather  and  get  hard  with  use, 
breaking  when  cold. 

THE  CABE  AND  PLANTINCI  OF  THE  TRY. 

When  the  fry  hatch  they  immediately  leave  the  Jar  and  follow  the 
course  of  the  running  water,  some  going  through  the  succeeding  jars, 
provided  there  are  no  screens  interposed  to  prevent  this,  others  through 
the  overflows  from  the  cross-tanks,  until  all  reach  the  fry-collecting 
tank  at  the  bottom,  whence  they  are  cariied  to  the  main  collecting 
tauks.  It  has  been  urged  by  some  that  it  is  injurious  for  the  fry  to 
Pass  down  through  the  lower  jars  with  the  complement  of  eggs,  but  in 
practice  this  has  not  been  the  case. 

An  air-jet  on  the  inside  of  the  screens  will  pievent  clogging  by  the 
Accumulation  of  eggshells  and  impuiities  suspended  in  the  water.  This 
'Uay  be  easily  arranged  by  providing  an  air  pump  and  <*onnecting  with 
't  a  pii>e  carried  along  the  side  of  each  tank  on  the  inside  of  the  screen 
^Dd  thence  at  right  angles  parallel  to  the  screen  and  about  an  inch 
distant.  This  cross-pipe  should  be  perforated  on  one  side  with  holes 
sk  inch  in  diameter  and  3  inches  apart,  the  holes  opening  toward  the 
Screen  and  upward  at  an  angle  of  al)Out  l.")  .  When  the  air  is  turned 
On,  an  apparently  solid  mass  of  bubbles  will  arise  along  the  whole  sur- 
face of  the  screen.  With  this  arrangement  the  screens  will  run  hours 
Or  even  days  without  any  attention,  whereas  without  the  air-jet  one  or 
^ore  men  are  employed  kee[)ing  the  screens  cl<»an,  and  many  fry  are 
xmavoidably  killed  by  being  forced  against  the  screens  and  by  the  work 
of  the  men  in  keeping  them  free.  The  thorou^ih  aeration  of  the  water 
thus  indirectly  accoin[)lished  is  very  beneticial  when  laige  numbers  of 
try  are  passing  over,  and  double  the  number  can  be  safely  handled  in 
troughs  thus  eci nipped. 

At  Put-in  Bay  the;  iVy  are  planted  as  soon  as  hatched.  They  are 
dipped  from  the  fry  tanks  into  kegs,  in  which  they  are  transported  to 
the  natural  spawning-gnmndson  the  reefs;  each  keg  containing  ."iO^OOO 
to  1CK>,0(K)  fry,  acc(U'ding  to  the  distance  to  be  traveled.  If  they  are  to 
be  taken  any  considerable  distance,  fresh  water  is  kept  running  on 
them.  If  the  facilities  are  such  that  the  fry  can  be  held  in  tanks  until 
they  attain  a  length  of  an  inch  before  beiug  planted,  they  would  be 
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betUT  able  to  tak<3  care  of  tlit-mselves  than  if  ilegtosittHl  nt  au  earlier 
Htagt>,  In  thu  spriiitt  of  ISlXi,  iib.mt  l,l>Oil  ivliitolisb  fry  wpie  1h>1i1  in  one 
of  the  stiitioii  tni»f;Im  until  lale  in  April,  wttti  tiu  other  footi  timu  tlif 
entomutttnvi'a  uud  othur  miiiuto  lifu  which  caniu  into  thv  troughs  with 
the  water  ptiniiKHl  from  the  lake.  Thuy  grew*  couBidcrably  au<l  were 
r(>iDarkably  active.  Caiiuibalism  was  of  frequent  tlioiigh  not  of  g<'iit-ra] 
occurrt'ucc;  toward  tlie  close  of  the  periwl  through  wliit'h  the  fry  «wi' 
hdd,  uiunl)ert<  could  be  svea  which  had  i^eizod  others  by  the  liiils  and 
i»waIlowe<l  »a  much  of  the  i>udii.'8  a^  jmssKite,  which  wiis,  of  cour^%  bat 
little.  In  every  cwse  one  of  the  larger  had  athu;ked  one  of  the  smaller, 
the  Ti<itiin  being  dead  and  his  destroyer  Hviiuiiiing  aboat  actively  with 
the  body  of  the  dead  tVy  trailing  along  his  Bide.  If  these  fry  had  beeu 
regularly  KQpiiIiLid  with  food,  it  is  not  probable  that  cannibaltsB  wmild 
have  occurred. 

BEA.BntG    IN    I'OKDS. 

Tlicre  have  been  few  attempts  to  raise  whitelish  iu  iiouds  ou  a  large 
Huulc,  but  experiueute  lead  to  the  belief  that  under  favorable  coiidi 
tions  whih-llith  can  be  raised  iu  artificial  ponds  to  r*oiiie  extent.  Of 
Gouroe  an  abundance  of  good  cold  water,  suitable  ground  for  the  cod- 
Htrnvtioii  of  deep  ponds,  and  convenience  to  railroad  comniiiuioatiou 
would  be  esseiitJiil  to  KurcOMs- 

A  aurcc^rpit  i'\]nTitii(*iit  in  tins  direction  was  l)egiiii  at  Northville  in 
1882.  The  fish  were  treated  as  youug  trout  are,  being  fed  wholly  on 
liver.  Three-year- idd  whitelish,  artificially  rearcil,  yielded  .1  large  num- 
ber of  cggH,  a  fair  i>ercciLt.afj;e  of  which  were  fertilized.  Fish  weighing 
from  ;{  til  41  pounds,  that  had  never  been  tWl  rm  anytliing  but  liver, 
were  plaiup  and  lieallliy.  Similar  sui^cessfu!  »'\]ieiiincnts  have  been 
made  in  Europe  with  one  of  the  native  whitetislies((,'iii''f/iJH"s  larareiiis), 
and  noteworthy  cxiHjrimeiits  in  the  reaiiiig  nf  ivhitclisii  in  ponds  have 
been  conducted  by  private  enlequise  at  Wani-ii,  liuliaiia.  It  has  been 
found  that  in  the  raising  of  fry  tlic  temperature  of  the  water  should 
not  go  above  55°  F.,  and  that  115°  is  fatal,  but  lish  three  or  four  months 
old  will  stand  a  mncli  higher  temperature. 


THE  SHAD. 


DESCEIPTION   OF   THE   SHAD. 

The  shad  {Alona  itapidiftsima)  is  the  largest,  best-known,  and  most 
valuable  member  of  the  herring  family  in  tlie  United  States.  The  body 
is  deep  and  compressed,  the  depth  varying  with  the  sex  and  spawning 
condition,  but  averaging  about  one-third  the  body  length.  The  head, 
contained  about  4;^  times  in  the  body  length,  is  quite  deep;  the  cheek 
18  deeper  than  long.  The  jaws  are  about  eciual,  the  lower  jaw  fitting 
into  a  deep  notch  on  the  tip  of  the  upper.  Teeth  are  present  in  the 
young,  but  are  not  found  on  the  jaws  in  the  a<lult.  The  eye  is  (contained 
l^i  to  6  times  in  the  length  of  head.  The  gillrakers  are  long,  slender, 
and  numerous,  there  being  from  O;^  to  120  on  the  first  arch.  The  fins 
are  small  and  weak,  the  dorsal  containing  15  rays  and  the  anal  21. 
Tbe  lower  ed^e  of  the  l)ody  is  strongly  serrated,  the  plate  like  scales 
numbering  21  before  the  ventral  iin  and  IG  behind  it.  The  scales  in 
tbe  lateral  line  number  (JO.  The  body  is  dark-bluish  or  greenish  above, 
silvery  on  the  sides,  and  white  beneath.  There  is  a  dark  spot  behind 
tbe  gill-oi)ening  and  sometimes  a  row  of  smaller  spots  along  the  side. 
Tbe  vertical  fins  often  have  black  or  dusky  edges.  The  peritoneum 
is  white.  Supposed  structural  and  color  peculiarities  in  shad  from 
different  regions  or  basins  have  not  been  verified. 

From  the  other  clupeoids  with  whi(;h  the  shad  is  fre^quently  asso- 
ciated in  the  rivers,  it  may  be  readily  distinguished.  In  all  of  them  the 
cheek  is  longer  than  deep.  The  hickory  shad  or  hickory  jack  (Pomolobus 
mediocriit)  has  a  projecting  lower  jaw  and  a  very  straight  profile.  The 
river  herrings  <n*  alewives  are  niu(»h  smaller  than  the  shad,  have  fewer 
and  shorter  gillrakers,  and  a  larger  <*ye  (3J  in  head).  In  the  branch 
herring  (/*.  pHvudthareiujus)  the  peritcmeum  is  pale,  while  in  the  glut 
herring  (/'.  (vsfiralis)  it  is  black. 

The  female  shad  is  larger  than  the  male,  the  average  difference  m 
weight  being  more  than  a  pound.  The  mature  males  taken  in  the 
fisheries  of  the  Atlantic  coast  weigh  from  H  to  0  pounds,  the  average 
being  about  .*>  pounds;  the  females  usually  weigh  from  3  to  6  pounds, 
the  average  being  4iJ  ])ounds.  The  general  average  for  both  sexes  is 
between  3^  and  4  jjounds.  In  the  early  history  of  the  fisheries,  shad 
weighing  11,  12,  and  even  1  i  pounds  were  reported,  but  9-pound  shad 
are  very  rare  on  the  Atlantic  coast,  and  10  i>ounds  seems  to  be  the 
maximum.  Some  seasons  an  unusual  number  of  large  shad  (7  to  9 
I)ounds)  appear  in  certain  streams.  On  the  Tiicific  coast  shad  average 
a  pound  or  more  heavier  than  on  the  Atlantic,  occasionally  attaining  a 
weight  of  14  pounds ;  many  have  been  reported  weighing  9  to  12  pounds. 
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The  Nha<]  is  diHtribuleil  along'  the  entire  east  ooant  of  tbe  t'liited 
StntfK,  liitd  iiurtliward  and  ea^twanl  to  tbe  (iulf  of  St.  Lawreuc«.  It 
lius  in'uduHlly  Ki)re4iul  IVuni  thv  Sacrumento  Kiver,  CiilironUa,  wliereit 
was  jntrodiii-od  by  tb«  Oaltforuia  Fish  Oommiesiuii,  and  i»  uow  Inken 
from  »«ullieni  CaUfornia  (Ixts  An^jeles  Ouuuty)  to  MXitheiMt  Alaska. 
In  the  early  history  of  the  ronntry  its  abandiuice  esoit^-d  uubcuiidnl 
asl^^iiiiiihnmiit.  Nearly  every  river  on  the  Atlantic  coast  was  in^iiUMin 
the  !<i>riiiK  by  immense  scliooln,  which,  in  their  upnard  <-ourfie,fbrni«lied 
an  amiile  supply  of  gcxnl  food.  NotwiUixtanding  greatly  increaoed  Bill- 
ing ojterat ions  and  the  viirtuilment  of  tbe  spawning-grnandn,  the  sui'vl? 
in  recent  ye^irs  has  not  only  been  generally  nwintained,  but  owing  to 
fiab-i'iiltDriU  efforts  hits  been  largely  angtnented  in  certain  Atreatto, 
uotiiblyiu  the  Kennebec,  Hudson,  Uelawaro,  8us«iuehiMina,ClioplaBl!, 
Potomac,  Nanlinoke,  Happabannock,  York,  Jarnc^,  Chownn,  Itoitiioke. 
NeuM,  and  St.  .1ohnHriv«r»,aQd  in  Cheaapeake  Hay,  AU»cmarlo8i]iiii«i, 
Cmalan  Soniid,  and  Patulieo  Sound,  and  the  Sacraiueatu  and  Columbia 
rivers.     . 

8nAl>  m  THE  OCEAN. 
Tbo  shad  passes  most  of  its  «xi8t«nce  at  sea,  and  little  \»  known  et 
its  habits  and  movemuuts  when  out  of  the  river«.    TliB  0(«»u  an-as  to 
which  it  rosortft  are  unknown,  and  what  its  salt-water  foutl  conaistf 
of  has  not  been  determined.      In  the  Gulf  of  Maine  it  ii4  known  to 
:is.•if^cmU.•  iij   iiirf-e  iJiimbera  willj    iniifkerel   and    berrinj,'  dtirtii^  the 
months  of  .Mine.  September,  and  October,  being;  most  numerous  iu  June. 
It  hii-s  boi-ii  taken  at  N.«tli  Trnn>,  Massachusetts,  in  tbe  fall,  when  llie 
(H'caii  ti.'nt]HTaturc  was  from   i:'.'  to  4!P,     In  the  month  of  November, 
one  year  after  [iiiollicr,  it  has  been  found  on  the  west  aide  of  Sakounet 
Kiver,  Ithode  Islaud.     In  May  and  June  it  has  be«n  captured  witli 
mackerel  a  few  miles  ui)rtlu'ast  of  Cape  Ood  Light.     Some  in.stances 
of  capture  indicate  that   under  certain  conditions   tbe  adults  niaj" 
reniiiiii  in  the  fresh-waler  rivers  a  wjuile  year.    In  November,  1890,600 
were  tiiken  in  the  Obesapeake  Bay.     It  has  been  found  in  the  PotoiniW 
in  considerable  abnudance  in  Auj^ust  and  September,  and  even  during 
the  liist  week  in  December,    Its  movements  are  largely  controlled  W 
the  water  temperature.     It  is  believed  that  it  seeks  to  oi'cnpy  an  art*' 
having  a  temperature  of  fA)^  or  TO"^,  ami  that  its  migrations  are  del*?' 
mined  by  the  shifting  of  this  area. 

SHAD    IN    TlIK    KIVKRS. 

The  annual  migration  of  the  shad  from  rho  ocean  to  the  rivers  0 
for  tbe  sole  purjiose  of  reproduction.     It  asccmls  to  suitable  spawning 
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Florida,  aboat  November  15,  the  season  of  greatest  abuudance  being 
February  and  March.  In  the  Savannah  liiver,  ( leorgia,  and  the  Edi.sto, 
Soath  Carolina,  the  run  begins  early  in  January  atul  ends  the  last  of 
March.  In  the  North  Carolina  rivers  these  stages  of  the  migration  are 
a  little  later.  In  the  Potomac  Hivcr  advance  individuals  appear  lale 
in  February,  but  the  fish  is  most  numenms  in  April.  In  the  Delaware 
Kiver  the*  maximum  run  is  about  the  1st  of  Ma  v.  It  reaches  the  Hud- 
son  Biver  the  last  of  March,  and  is  found  in  the  Connecticut  toward 
tbe  end  of  April,  is  most  abundant  tlie  last  of  May,  and  leaves  the 
Btream  late  in  July.  In  the  Kennebec  and  Androscoggin  rivers,  Maine, 
it  is  first  taken  m  April  and  has  left  by  the  middle  of  July.  In  the  St. 
John  Kiver,  New  Brunswick,  it  appears  about  the  middle  of  May,  and 
in  the  Miramichi  Eiver,  New  Brunswick,  late  in  May. 

The  main  body  of  shad  ascends  the  rivers  when  the  temperature  of 
the  "water  is  from  50^  to  (JO^,  the  numbers  diminishing  wlien  the  tem- 
perature is  over  66"^.  Successive  schools  enter  the  Potomac  from 
February  to  July,  the  males  preceding  the  females.  Of  01,000  shad 
comprising  the  first  of  the  run  received  at  Washington,  1).  C,  from 
March  19  to  24,  1897,  90  per  cent  were  males.  Toward  the  close  of  tlie 
season  males  are  extremely  scarce. 

The  movement  of  the  sliad  u[)  the  rivers  is  not  constant,  but  in 
-waves,  causing  a  rise  and  fall  in  the  catch.  In  some  of  the  rivers  the 
fishermen  claim  that  a  fairly  well  Hetincd  run  occurs  late  in  the  season, 
consisting  of  a  somewhat  dittciciit  lish,  known  as  ^'^May  shad.-' 

The  erection  of  impassable  dams  along  tlic  rivers  and  streams  was 
probably  the  first  thing  to  curtail  the  natural  spawning-grounds  of 
these  fish  and  to  seriously  check  their  natural  increase. 

As  shad  enter  the  rivers  only  for  the  purpose  of  spawning,  the 
fisheries  are  necessarily  ])rosecute(l  during  the  spawning  season,  and 
often  ui>on  the  favorite  spawnin^i-grounds.  The  increase  of  population 
necessitates  a  larger  supply  of  tisli  and  re(iuires  the  use  of  more 
apparatus,  and  the  number  of  shad  that  reach  fresh  water  is  therefore 
greatly  curtailed  by  assiduous  tishing  with  all  kinds  of  contrivances  in 
the  estuaries  and  in  the  mouths  and  lower  parts  of  rivers.  Under  these 
conditions  of  a  restricted  spawning  area  and  increased  netting  shad 
would  soon  be  exterminated  without  artificial  i)ropagation;  or  the  tish- 
ery,  at  least,  would  greatly  diminish  and  become  unprofitable.  Such  a 
crisis  was  fast  approaching  in  1871),  when  the  Fish  Commission  entered 
upon  systematic  work  in  shad  propagation. 

From  their  birth  until  their  return  to  the  rivers  shad  are  preyed 
upon  incessantly  by  other  fish,  so  that  the  larger  portion  of  the  young 
do  not  survive  their  few  months'  sojourn  in  fresh  water,  and  of  those 
which  leave  the  rivers  each  season  i)robably  not  one  in  one  hundred 
reaches  maturity  to  deposit  its  eggs  and  contribute  to  the  perpetuation 
of  its  species.  In  the  rivers  striped  bass,  white  perch,  black  bass,  and 
other  predaceous  fishes  devour  the  young,  and  when  they  reach  salt 
water,  sharks,  horse-mackerel,  kinglish,  etc.,  undoubtedly  destroy  many 
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foand  foil  of  these  eggs  of  diflferent  sizes.  Sliortly  before  spawning, 
transparent  eggs  of  large  size,  coiitrastiug  strongly  with  the  opaque 
golden  hue  of  less  mature  ones,  will  be  found  scattered  tlirougb  tlie  still 
compact  ovarian  mass,  and,  becoming  more  and  more  numemus,  the 
ovaries  disintegrate,  the  eggs  fall  .apart,  and  extrusion  begins,  a  liquid 
stream  of  eggs  and  mucus  flowing  from  the  oviduct  on  the  slightest 
pressure  of  the  abdomen. 

Freshly  deposited  shad  eggs  are  of  a  pale  amber  or  pink  color,  and 
are  transparent.  They  are  about  /j  ''^^1^  i^^  diameter  and  somewhat 
flattened  and  irregularly  rounded  in  form.  The  egg  membrane  is  much 
wrinkled  and  lies  in  close  contact  with  the  contained  vitellus.  Imme- 
diately after  fertilization  the  egg  becomes  spherical  through  the  absorp- 
tion of  water  and  ai)parently  gains  very  much  in  bulk,  measuring  about 
4  of  an  inch  in  diameter;  but  this  gain  is  only  the  distended  egg  mem- 
brane, the  vitellus  or  true  germinal  and  nutritive  portion  not  having 
increased.  The  vitellus  is  heavier  than  water,  and  a  large  si)ace  filled 
with  fluid  now  exists  between  it  and  the  membrane,  the  vitellus  rolling 
abontand  changing  its  position  as  the  position  of  the  egg  membrane  is 
altered.  No  adhesive  material  is  found  on  the  outside  of  the  membrane, 
thongh  when  first  extruded  the  eggs  are  covered  with  a  somewhat  sticky 
ovarian  mucus. 

In  a  state  of  nature  the  shad  deposits  its  eggs  loosely  in  the  rivers 
without  building  a  nest,  the  two  sexes  running  along  together  from 
the  channel  towards  the  shore,  and  the  eggs  and  milt  being  ejected 
simnltaneously.  On  (^uiet  evenings,  at  the  height  of  the  season, 
spawning  shad  may  be  heard  surging  and  plunging  along  the  shores. 
By  fishermen  this  is  termed  '*  washing.-' 

Shad  are  very  i)rolitic,  but  nnieh  less  so  than  many  other  food-fishes. 
The  quantities  of  eggs  taken  by  s]Kiwn  takers  do  not  rei)resent  the 
actual  fecundity,  (or  many  are  east  in  advance  of  stripping.  The 
average  number  is  not  more  than  30,000.  Single  lish  have  been  known 
to  yield  60,000,  80,000,  100,000,  and  115,000  eggs;  and  on  the  Delaware 
Kiver,  in  1885,  one  yiehhnl  150,000.  Many  eggs  fail  to  be  fertilized, 
and  but  a  comparatively  small  penentage  of  those  impregnated  are 
hatched.  After  being  extruded,  the  eggs  sink  to  the  bottom,  where 
they  remain  until  hatched,  subject  to  the  attacks  of  fish  and  other 
water  animals.  I'els  are  very  destructive  to  shad  spawn  and  often 
attack  shad  caught  in  gill  nets,  devouring  the  uudeposited  eggs  and 
sometimes  mutilating  half  the  catch  of  a  gill  net  fisherman. 

The  development  of  fungus  is  one  of  the  greatest  dangers  to  shad 
eggs  in  a  natural  state,  and  another  potent  agency  for  their  destruction 
is  the  mml  brought  down  by  heavy  rains,  burying  and  sufibcating 
the  eggs. 

After  spawning,  shad  are  denominated  '* down-runners,"  "racers,'' 
and  "spent  fish."  They  are  then  very  lean  and  hardly  fit  for  food,  but 
they  begin  to  feed  and  have  become  fatter  by  the  time  they  reach  salt 
water  in  the  summer  or  fall. 
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YOUNG  SHAD. 

In  the  Middle  States  the  youii^  fish  remain  in  the  rivers,  feeding 
and  growing,  until  the  cool  weather  of  fall  comes  on.  They  then 
begin  to  drop  downstream,  and  by  the  last  of  Xovember  have  passed 
out  into  the  ocean  or  bays,  and  are  lost  sight  of  until  they  come  back 
three  or  four  years  after,  full  grown  and  ready  to  spawn.  They  leave 
the  Potomac  River  when  the  water  falls  to  about  40^.  By  that  time 
they  are  about  3  inches  long.  For  the  last  two  or  three  years  they 
have  been  observed  in  great  abundance  about  Bryan  Point,  feeding  and 
jumping  out  of  the  water  about  sunset.  They  keep  within  the  open 
streak  of  water  between  the  sliores  and  the  water  grass  which  covers 
the  flats,  in  water  2  to  5  feet  deep.  After  mild  winters  young  shad  have 
been  found  in  the  Potomac  River  in  April,  30  miles  above  brackish 
water  and  160  miles  from  the  ocean,  associated  \vith  young  alewives  and 
sturgeon.  Some  immature  shad,  apparently  2  years  old,  are  caught 
each  year  in  seines  operated  in  the  fresh  water  of  the  Potomac  River, 
and  undersized  shad  are  frequently  caught  in  the  New  England  rivers, 
where  the  tidal  waters  are  of  little  length. 

COMMERCIAL  VALUE. 

The  shad  is  one  of  the  most  palatable  and  popular  of  fishes.  Its 
flesh  is  rich,  but  not  oily,  and  the  roe  is  considered  a  delicacy.  It  is 
the  most  valuable  river  lish  of  the  Atlantic  coast,  and,  next  to  the 
Pacific  salmon,  the  most  important  species  inhabiting  the  fresh  waters 
of  North  America.  In  every  Atlantic  State  from  New  Jersey  to  Florida, 
inclusive,  it  is  the  most  valuable  fish,  and  in  New  York  it  is  second  only 
to  the  bluefish.  Among. all  the  economic  fishes  of  the  United  States 
only  the  salmon  and  cod  exceed  it  in  value,  and,  considering  all  branches 
of  the  fishing  industry,  only  the  whale  fishery  and  the  oyster  fishery, 
besides  the  foregoing,  are  financially  more  important  than  the  shad. 

In  1896  the  shad  catch  of  the  xVtlantic  seaboard  numbered  13,145,395 
fish,  weighing  50,847,967  pounds,  and  worth  to  the  fishermen  $1,656,580. 
The  value  of  the  shad  catch  of  the  Pacific  States  in  1895  was  $5,600,  a 
sum  representing  366,000  pounds. 

EARLY  ATTEMPTS  AT   SHAD-CULTURE. 

The  systematic  development  and  extension  of  shad-culture  were 
undertaken  with  the  definite  i)urpose  of  testing  the  value  of  artificial 
propagation  in  maintaining  an  important  fishery  which  was  being 
rapidly  depleted.  As  early  as  1848  shad  eggs  were  artificially  taken 
and  fertilized,  and  in  1867  more  extensive  experiments  were  made  on 
the  Connecticut  River,  and  later  on  the  Potomac,  witli  encouraging 
results.  The  attention  of  many  States  was  thus  attracted  to  the  work, 
and  in  1872  it  was  taken  up  by  the  general  government.  Prior  to  the 
exx>eriments  on  the  Connecticut,  certain  species  of  the  salmon  family 
had  been  principally  dealt  with  in  fish-culture,  and  ditl'erent  methods 
from  those  in  use  were  necessary  for  shad-hatching,  owing  to  the  less 
specific  gravity  of  shad  ova  and  the  much  shorter  period  of  time 
required  for  the  development  of  the  fish  from  the  t'i:^g. 
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The  "Setli  Green  box,"  a  modification  of  the  floating- box  used  for 
hatching  troat  and  salmon  eggs,  was  first  tried  with  great  success,  but 
floating-boxes  were  subject  to  various  accidents  when  used  in  tidal 
waters,  and  in  rapid  succession  devices  of  various  kinds  were  brought 
forward  to  supplant  them.  The  most  important  were  hatching-cones 
and  the  plunger-buckets,  which,  though  imperfect,  rendered  larger 
operations  x>ossible.  At  this  period  the  apparatus  was  arranged  on 
flat-bottomed  barges  and  towed  from  point  to  ]>oint  along  the  coast  from 
Albemarle  Sound  to  the  Susquehanna  Iviver,  a  slow  and  expensive 
method.  The  Chase  whitefish  jar  worked  with  considerable  efficiency, 
but  required  modifications,  and  finally  the  ^'  universal  ^  hatching  jar  now 
in  use  was  adopted  in  1882. 

Daring  the  years  of  experimental  work  from  1872  to  1880,  97,471,700 
shad  fry  were  planted,  beginning  with  8r)9,(:(K)  in  1872,  while  in  1880, 
28,026,000  were  distributed.  Prior  to  1880  deposits  of  a  few  hundred 
thousand  each  were  made  in  as  many  difltereut  streams  as  possible,  but 
the  increased  production  of  young  fish  made  it  possible  to  ship  and 
plant  the  fry  by  the  carload,  and  by  1S84  shad-cultme  was  established 
on  a  large  scale,  barge  operations  were  abandoned,  and  the  work 
conducted  on  shore.  The  basins  of  the  Chesapeake  Bay  and  Delaware 
River  had  meanwhile  been  selected  by  the  United  States  Commission 
as  the  natural  seat  of  operations,  though  the  State  commissions  from 
Massachusetts  to  South  Carolina  were  actively  engaged  on  their  own 
account.  At  present  the  States,  except  Connecticut,  Xew  York,  Penn- 
sylvania, and  Maryland,  have  j) radically  abandoned  shad-hatching, 
leaving  the  work  to  the  general  government. 

EGCf-aROUNDS. 

Bverv  river  on  tlie  Atlantic  coast  from  ^lassachusetts  southward  has 
been  examined  by  the  agents  of  some  State  commission  or  the  United 
States,  or  by  both,  in  order  to  determine  the  natural  si)awning-grounds 
of  the  shad.  On  nearly  every  stream  hatcheries  have  been  operated 
at  one  time  or  another,  but  usually  eggs  were  not  obtained  in  sufficient 
numbers  to  Justify  rontinued  operations,  except  in  the  Chesapeake  and 
Delaware  basins.  I  lowever,  it  is  not  unlikely  that  after  further  investi- 
gation it  will  be  Ibund  lU'acticable  to  maintain  hatcheries  on  rivers 
which  have  lon«;  since  l)een  abandoned.  It  is  certain  that  work  on  the 
Albemarh*  Sound  can  be  successfully  conducted,  and  though  operations 
on  the  Hudson  IJiver  have  not  been  on  a  large  scale,  better  results  may 
be  there  obtained  in  the  future. 

In  certain  river  stretches,  apparently  favorable,  no  ripe  fish  are  found; 
for  example,  in  th(»  Roanoke  Uiver  for  15  miles  above  its  mouth,  where 
10,000  to  15,000  sha<l  ani  taken  annually,  mature  eggs  can  not  be  found, 
though  the  lish  spawn  just  below  there,  as  they  do  many  miles  above  at 
Weldon.  In  the  Sutton  Beach  seine,  the  one  in  North  Carolina  waters 
which  has  afforded  the  most  si)awn,  only  about  one  spawning  shad  to 
each  100  is  caught,  and  the  annual  catch  of  this  seine  is  30,000  to  75,000 
]>ei- annum.     In  view  of  such  facts,  it  is  not  reuvAvkviVjVvv  Ux^V*  v^j^^i>a^^ 
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faos  been  experiea(.'ed  and  time  consauied  in  decidiug  oa  permaaeat  lovor 
tioiis  for  hatcheries. 

The  spawning  iM-riod  varies  widely  in  different  oeasone ;  in  some  years 
sbad  are  numerous  luid  in  spawniug  condition  two  or  three  weeks  after 
the  time  wheu  they  have  ordinarily  di»<ai)i>enred.  They  deposit  eggsnt 
some  point  along  the  coaxt  for  six  eoutiniioiiH  moiitUo. 

The  foUowing  streauia  have  been  occnpie^d  by  hutdieries,  afl  some  ol 
them  are  now,  and  it  will  be  observed  that  the  upproxiniBto  ax>awiiing 
periods,  beginning  early  in  the  Suntli,  beooou)  gradoaUy  later  towty 
vtlwXorth. 


Walen. 

«.«. 

PirtoiL 
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U»))tU>JnMW. 

Do. 
JumlituJvlyti. 
JaDnlteJnlvIt. 

D,l«.»r.  lUrsr 

nadMBKlTor 

HwTlmMRlnr 

The  United  States  Fisli  Com  mission  operates  statioos  at  Bitsii 
Point,  lli  mileis  below  Wjishiiigton  on  the  Potomac,  and  at  Hufteiy 
Island  at  tlio  mouth  of  tlie  Susquehanna,  while  t  lie  Kteamer  Fink  Ha  irk. 
fitted  up  ai^  a  floating  hatchery,  is  engaged  during  the  shad  season  on 
the  Dchiware  Uiver,  These  two  stations  and  the  vessel  can  receive 
respectively  l(i,0OO,00O,  40,(KHV»K),  and  12,0(M),00n  e<Eg3.  On  moi-e  than 
one  occasion  each  has  been  taxed  to  its  utmost  capacity,  bat  as  the 
average  hatching  period  is  8  days,  and  four  of  the  special  cars  of  the 
Commission  are  hatcheries  in  tliemaelves  and  capable  of  taking  2,000,000 
to  4,000,000  eggs  aboard  at  a  time,  the  hatcheries  can  be  ijuickly  relieved 
in  case  of  emergency. 

In  1S!I7,  L'liS,O00,O()0  eggs  were  taken,  from  which  l.'U,;i45,000  fry  were 
hatched.  In  1808,  the  total  of  shad  fry  hatched  was  1  ilC,150,000,  and 
in  ISIIfl  it  was  li  10,4'. P3, 000. 

In  lOOO,  a  permanent  hatchery  located  on  an  arm  of  Albemarle  Sound, 
near  IJdenton,  North  (Jaroliim,  was  operated  for  tliolirst  time.  This  sta- 
tion is  adjiu:enttooneof  the  most  important  shad  lishiug-grounds  in  the 
country,  and  is  intended  to  replenish  the  waters  of  Albemarle,  Croatan, 
Koanoke,  and  I'amlico  sounds,  ami  their  tributaries — llic  r'asquutauk, 
Chowan,  Koanoke,  I'amlico,  Neuse,  and  various  minor  rivers.  This 
region  annually  yields  npwaril  of  8,.j00,0<K)  pounds  of  shad,  valued  at 
about  $;).'>0,000,  and  contribules  the  principal  part  of  the  shad  found  iu 
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disoovered  as  early  as  1880,  and  a  station  was  soon  developed  there 
with  steam  pamxMS,  tanks,  and  hatching  vessels.  The  seine  operated  at 
this  point  between  1887  and  1891  famished  23  ])er  cent  of  all  eggs  from 
the  river. 

The  following  table,  taken  from  the  records  of  the  station,  shows  the 
value  of  the  spawning-grounds: 


Yearo. 


NiiniUorof 
eggit  takiiii. 


Yearn. 


Niirolmr  of 
vfigB  Uken. 


!■ 


1880 20.749.000 

1881 4.1,200,000 

1882 '  21,800.000 

1883 1  24,274.000 

1884 19.(HK).000 

1885 22,576.(K)0 

1886 3G.3fi2.000 

1887 59,43r»,0fK) 

1888 !  81,177.000 

1889 !  58,233,000 

1890 '  35,202,000 


1891 :J2.98t>,000 

1892 13.440,000 

1893 9,42:J,000 

1894 :J2,31W,000 

1895 06,065,000 

1896 04, 788, 000 

1897 39,707,000 

1698 68,724.000 

1899 49.283.000 

1900 07,904,000 


In  1889  immense  collections  of  eggs  were  made  on  certain  days — 
8,368,000  on  May  6  and  G,311,00()  on  May  7,  and  during  seven  days 
there  was  an  average  of  over  5,000,000  per  day.  This  was  before  and 
jnst  after  a  freshet. 

To  increase  the  supply  of  eggs,  seine  fishing  has  been  attempted  by 
the  Commission  on  both  the  Suscinehannaand  Potomac,  but  the  efforts 
were  only  partially  successful  and  were  tinally  abandoned.  The  exten- 
sion of  egg-taking  by  seines  can  not  he  relied  upon,  especially  as  this 
method  of  iishing  has  been  declining  for  many  years,  owing  to  its 
greater  expense,  and  a  ex)rre8])onding  growth  has  taken  ])lace  in  the 
gill-net  fishery.  It  is  often  difficult  to  obtain  the  ripe  eggs  when  the 
shad  are  taken  in  a  seine  on  ax^count  of  the  great  numbers  of  alewives 
taken  at  the  same  time. 

The  following  comparative  table  shows  the  sha<l-egg  production  from 
a  Potomac  Kiver  seine,  together  with  the  proportion  of  males,  females, 
and  spawning  fish,  and  the  number  of  eggs  ])er  lish: 


Total 

Veitr. 

1 

niinilMM'of 
(>btuii)e4l. 

1   -  - 

1887 

..    20.  9.'.0,  000 

1888 

..'  22, fi:.7, 00(» 

1889 

..    17,  738.  (K)'> 

1890 

..   io.2r)_»  000 

"1 


Ti.lal        Total 
riiM«  mImkI 

lish.       ('Alight. 


18!U... 


r».  270.  (HK) 


«,'>2 
688 
r.l2 
468 
228 


10. 348 

11,212 

6. 217 

4,  60(i 

;{.  138 


iiinlcH. 


71.4 
«!).  2 
52.3 
54.3 
57. 1 


ol" 
feiuah'H. 


28.0 
30.8 
47.7 
45.7 
42.  0 


Average 
iiuniber 

of  OffgS 

por  flah 

apawiied. 


32,100 
32, 900 
28,981^ 
21,900 
23. 140 


IVr  r^ont 
rixw. 


I 


0.3 

6.1 

9.8 

10.1 


7  *' 


F.  M. 
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Had  all  other  finheries  fiirnifhwcl  »n  wjual  porcentaBeof  uggx,  the 
annual  Potomac  collectious  would  liavB  reache^l  uhmit  ;{UO.(KW,0()0. 
But  while  the  Fort  Washington  seine,  with  a  catch  of  10,000  shad,  gave 
20,m»,0()0  ejtga,  and  another,  capturing  18,000,  gave  17.000,000,  a  third 
CHtt^biug  GO.IHKI  Rhiul,  gave  only  1,(H>0,000. 

Eggs  taken  by  gill  fishermen  are  usually  superior  to  those  from  seines, 
Aiid  the  gillers  attach  enough  value  to  the  market  for  eggs  to  save 
almost  ull  withiu  reach.  At  the  commenceiuont  of  the  twasou  nmuy  of 
them  secure  spawning- pans,  which  they  keep  in  their  boat«i,  taking  and 
fertilizing  the  t'ggs  themselves,  and  when  accidentally  overlooked  by 
thfi  regular  spawntakera  they  sometimes  row  several  miles  to  briiig 
in  pans  of  eggH.  In  ISOti  a  giller  who  laid  out  bis  net  with  the  special 
object  of  securing  spawning  shad,  caught  -^,300  liHh  and  sold  over 
0,000,000  eggs  to  the  Commission.  About  1,100  of  his  fish  were  roe 
shod ;  of  the  total,  about  6  per  cent  were  ripe ;  of  the  1,100  roe,  about 

120  per  cent  were  ripe. 
The  average  catch  of  shad  by  the  gillerR  who  supply  eggB  is  1,600  to 
1.800  per  season;  but  they  do  not  all  operate  specially  for  the  capture 
of  cipawtiing  flsh,  though  this  work  is  prolltiiblc  and  gillers  are  fast 
turning  attention  to  it.  The  Fort  Washington  gilling  Imats  furnish  on 
an  average  about  1,000,000  eggs  each  a  reason,  those  at  White  Uoose 
4(K),000,  Sandy  Bar  350,000,  (Ireenway  300.000,  and  Craney  Island 
^^.(KMi,  the  average  being  about  500,000  per  boat. 

SiiHtiuihanna  liirtr. — The  «hoiil  wiit*r  in  the  neigh Ijorhootl  of  Battery 
StalioTi  is  an  extensive  imd  vahiMMe  spLiwriiiLgrt^oimd.  The  station 
is  conveniently  situated  on  an  island  and  the  possibilities  in  egg- 
collecting  appear  to  be  almost  unlimited.  Hundreds  of  gill  fishermen 
are  engaged  and  large  seines  are  operated  within  easy  distance.  In 
188(i  the  station  was  overrun  with  eggs;  ITO  universal  hatching-jars 
and  58  cones  wou]<l  not  contain  them,  large  numbers  being  held  in 
cylinders,  buckets,  and  pans.  In  1888  over  105,000,000  were  taken, 
and  ill  IfWO  7,000,000  were  obtained  in  one  night.  Both  egg  collecting 
and  hatching  are  carried  on,  and  the  e stiibli shine ut  is  complete  in  itselt 
There  is  no  transfer  of  the  eggs  excei>t  for  occasional  car  shipments, 
and  the  fry  are  carried  to  Havre  de  drace  in  lOgallon  cans  for  railroad 
tninsfer  to  the  places  of  deiwsit. 

Delaware  /I'lVcr.— The  steamer  Fish  Hatck  has  been  employed  in  shad- 
hatching  on  this  river  nearly  every  season  since  1887,  the  egg- collecting 
and  other  labor  being  performed  by  the  crew.  An  interesting  feature  of 
the  work  is  the  large  yield  of  eggs  per  fish.  Eggs  from  this  river  have 
been  saved  regularly  since  1887  from  seines,  but  the  available  product 
among  the  gill  lishcrmen  has  never  been  fully  ascertained. 
Tlie  eggs  collected  by  the  Fhli  Hawk  numbered  51,983,000  in  1899. 
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BGK>-0OLLE0TING. 

OollectiDg  eggs  is  the  work  of  experienced  watermen,  who  must  be 

jjvepored  to  endure  all  kinds  of  weather  in  open  boats.    The  boats  are 

^Ihvwed  ont  to  the  fishing-grounds  by  steam-launches,  where  the  spawn- 

'  ftikers  visit  the  nets  of  the  market  fishermen,  obtaining  from  them  the 

'Spawning  fish.    After  eggs  have  been  obtained  a  ticket  is  dropped  into 

6aeh  panful,  with  the  date  and  the  name  of  the  fisherman,  for  entry  on 

the  books  of  the  station.    The  price  for  eggs  is  always  above  the 

[  auurket  price  of  the  shad,  and  payment  is  made  at  the  end  of  the  season 

on  the  basis  of  28,000  to  the  liquid  quart,  the  price  being  $10  to  $20  per 

lfOOO,000.    On  the  Potomac  40  to  50  spawn- takers  are  employed  at  the 

station,  besides  12  or  15  men  who  are  engaged  as  hatching  attendants, 

machinists,  firemen,  and  cooks. 

The  spawn-taker  uses  a  IG-foot  fiat-bottomed  bateau  and  is  provided 
with  a  lantern,  six  small  and  four  large  spawn  pans,  and  a  dipper 
of  suitable  size.  The  pans  are  made  of  tin  and  are  of  two  sizes, 
ll-inch  and  18-inch  diameters,  the  latter  with  handles.  The  smaller  are 
tor  receiving  eggs  on  delivery  from  the  fish,  and  the  larger  for  carrying 
tliem.  The  ])ans  are  thoroughly  washed  esich  night  after  use  and  not 
allowed  to  become  rusty  or  indented.  The  dippers  are  round-bottomed, 
liold  nearly  a  quart,  and  have  handles  with  open  ends,  with  5  inches  of 
the  free  end  wrapped  with  seine  twine.  To  obtain  eggs  from  a  seine, 
doable  the  above  number  of  spawn  vessels  may  be  required. 

Spawn-taking  tubs  of  indurated  wood  fiber  have  been  introduced  in 
Potomac  Kiver  operations  and  found  superior  to  tin,  being  without 
hoops  or  joints,  non-corrosive,  and  non-conductors  of  heat.  They  have 
wood  covers  which  fit  inside  tlie  rims,  and  the  tops  fit  tightly  by  means 
of  a  soft  rubber  joint:  4  incbea  of  the  central  part  of  the  cover  is  cut 
away  to  admit  air. 

As  the  shad  manipulated  are  sold  and  consumed  in  a  fresh  state, 
fishermen  waste  no  time  in  transferring  them  to  market  boats,  which 
are  in  waiting,  and  rapidity  of  execution  is  therefore  required  on  the 
part  of  the  spawn-taker,  who  must  be  alert  and  exact  in  his  methods. 

In  gill-net  fishing  there  is  usually  ample  time  to  assort  the  fish, 
which  are  taken  into  the  boat  one  at  a  time,  except  when  sudden 
Bqnalls  or  exceptional  captures  force  the  prematuie  hauling  in  of  the 
net  with  the  fish  wound  up  in  the  meshes.  [Jnskilled  spawn-takers 
are  liable  to  the  mistake  of  stripping  eggs  without  having  the  neces- 
sary milt  to  impregnate  them,  for  several  spawners  may  be  Uiken  over 
a  period  of  ten  or  twenty  minutes  without  the  capture  i)f  a  male  fish. 
In  such  cases  (of  great  frequency  Jate  in  the  season)  the  female  fish 
must  be  placed  conveniently,  backs  down,  to  prevent  the  eggs  from 
running  out,  and  the  males  may  have  to  be  obtained  from  other  boats. 
When  ripe  shad  are  taken  in  seines,  two  or  three  large  baskets  should 
be  in  readiness  to  receive  them. 

Sometimes  the  number  of  ripe  fish  will  be  suflBcient  to  occupy  all  the 
attention  that  can  be  devoted  to  them*,  at  otliet  \m^  \Xv^\M\iQ\  ^^ 
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is  greatly  reduced  by  l()cal  conditions.  Even  when  otiier  conditions 
are  satisfactory,  if  neither  high  nor  low  water  occurs  about  snnset  but 
few  ripe  fish  are  caught.  The  targe  seiues  land  toward  the  last  of  the 
ebb  tide,  and  gill  net  fishermen  can  do  nolhing  except  ou  the  change  of 
the  tide — on  alack  water.  The  lish  spawn  at  a  certain  time  of  day, 
aod  when  taken  at  other  hours  ai-e  not  in  spawning  condition.  Thnu- 
dei'storms  sometimes  occur  for  days  in  succession  about  sunset,  the 
very  hour  when  must  disastrous. 

A  scari'ity  of  male  Ush  toward  the  end  of  the  seasoo  often  cnts  short 
o|teratious  when  eggs  are  plentiful.  Uusucceasfnl  attempts  have 
been  made  to  capture  the  males  at  such  times  l»y  nsing  gill  nets  with 
meshes  smaller  than  those  in  tlie  nets  of  market  fishermen.  Attempts 
have  been  maile  to  pen  the  adults,  but  without  success,  as  the  fish 
become  diseased  and  their  eggs  spoil  within  them.  In  gill  nets  the 
adult  is  entangled  in  the  mesh  and  can  not  escape  by  struggling,  and 
it  therefore  remains  comparatively  quiet. 

The  quah'ty  of  shad  eggs  is  generally  impaired  where  the  fish  are 
held  fur  an  hour  or  more  in  trap  nets  or  seines.  The  e^gs  from  fish 
taken  in  large  seines  are  usually  of  biul  qnality,  but  those  from  short 
seines,  which  are  lauded  quickly  after  the  fish  have  been  surrounded, 
are  usually  good;  and  those  f^om  trap  net«,in  which  the  fish  have  been 
held  for  »onie  hours,  are  valueless.  Plggs  are  rarely  susiejitible  to  fer- 
tilization longer  than  '20  niiuntes  nftcr  the  lish  iire  taken  from  the  water, 
thongh  there  are  exceptions  to  this  rule.  On  May  23, 1895,  Potomac 
shad  were  stripped  which  had  been  out  of  tlie  water  about  1^  hours; 
they  were  kept  separate,  and  at  the  end  of  48  hours  i>rodueed  100,000 
eggs,  which  yielded  08,(H)0  fry. 

The  shad  dies  very  quickly  after  capture  and  is  immediately  resi>on- 
sive  to  electrical  storms,  the  catih  of  seines  and  nets  of  all  kinds  falling 
ofi*  promptly  when  a  tlinnderstonn  dcvelojis.  I'ven  in  seines  alieady 
laid  out  in  the  water,  with  lead  line  on  the  bottom,  there  is  an  appre- 
ciable decrease  in  such  event.  On  the  Delaware  River,  May  29, 18$7, 
nearly  ;tO  per  cent  of  the  shad  eggs  ou  boiird  the  steajner  FtHh  Hawk 
jierished  during  an  electrical  storm  which  continued  from  C  p.  ni.  to 
midnight.  There  were  4,481,000  eggs  witli  embryos  well  formed,  and 
without  perceptible  change  in  water  temperature  l,yi8,000  were  killed, 
niiiny  tnrEiiiig  white  by  s  p.  ui. 

Heavy  freshets  cause  an  abrupt  suspension  of  fishing,  but  the  effect 
of  a  single  fresliet  is  usually  temporary.  The  shad  which  have  gone 
above  jire  backed  down  bcf<iro  the  niudily  water,  but  reappear  upon  its 
outwiiril  passage.  An  occurrence  of  this  kind  will  ettect  a  great 
increase  in  egg  receii)ts  if  the  water  temperature  before  muddy  water 
conies  is  suitable.    The  slnid  that  were  scattered  above  being  thrown 
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should  be  diseolored  enough  to  prevent  the  fish  from  seeing  the  nets, 
but  not  thick,  say  firom  10  to  20.*  An  occasioniil  freshet  reduces  the 
temperature  and  prolongs  the  season ;  however,  with  an  equal  number 
of  fiah  in  the  rivers,  clear  water  is  probably  more  advantageous  for 
nataral  increase,  as  a  large  i)roportion  of  naturally  deposited  eggs  must 
perish  from  suffocation  under  the  mud  in  seasons  of  freshet. 

THE  WEATHER  AND  SPAWN. 

The  development  of  eggs  within  the  ovaries  is  hastened  by  heat  and 
retarded  by  cold.  In  a  warm  season  fish  ready  to  spawn  are  more 
namerous  early  in  the  season  than  in  a  cold  one,  and  the  period  for 
obtaining  them  is  apt  to  close  earlier.  The  eggs,  not  only  after  they 
are  deposited  and  impregnated,  but  before  they  leave  the  body  of  the  fish, 
are  affected  by  the  temperature  of  the  water,  often  being  "blighted" 
or  ^^  rotten  TtpeJ"  This  phenomenon  was  observed  as  far  back  as  1873. 
It  occurs  on  the  water  reaching  8()o  to  81  c',  or  with  a  rapid  rise.  On 
the  other  hand,  a  sudden  fall  in  temperature  has  been  observed  to 
arrest  natural  spawning,  produce  blighted  eggs,  and  to  destroy  those 
in  the  hatching- vessels.  Continued  low  temperature  is  also  disastrous 
to  fishing. 

An  abnormally  inferior  quality  of  the  Potomiic  I^iver  eggs  was  noticed 
during  the  full  period  of  operations  in  1806.  The  1)ulk  of  the  run  of  shad 
made  their  appearance  on  a  rapidly  ascending  tem])erature,  and  the 
eggs  were  injured  within  the  parent  fish,  more  than  half  perishing 
before  conversion  into  fry.  The  rise  in  tem])erature  was  greater  than 
had  been  recorded  in  the  eleven  years  ])receding.  The  run  of  shad 
increased  proportionately,  the  catch  at  one  seine  increasing  from  100 
to  800  in  24  hours.  A  snowstorm  on  April  7— morning  air  temperature 
36°  F.  and  mean  air  temi)eratiire  46'^ — was  followed  by  heavy  frost  on 
April  9,  the  morning  air  tenix)erature  on  the  last-named  date  being  34<^. 
The  river  water  on  Ai)ril  10  was  4()0,  rising  to  48°  on  A)»ril  12  and  to 
71°  in  the  afternoon  of  April  21,  thus  gaining  25'^  in  10  days.  After 
April  21  the  catch  of  shad  fell  off  to  such  an  extent  that  fishing  was 
no  longer  profitable. 

The  water  of  the  Potomac  early  in  March  is  usually  of  a  temperature 
of  360  to  40O  rising  to  52^  to  oH^  about  the  middle  of  April,  when  the 
spawning  period  begins,  and  at  the  end  of  May,  the  close  of  the  period, 
it  averages  from  Co^  to  70o. 

STRIPPING   AND  FERTILIZING  TOE  EGGS. 

In  stripping  the  eggs  the  shad  is  lifted  with  the  right  hand  and 
caught  above  the  tail  with  the  left.  All  slime  and  loose  scales  are 
removed  by  going  over  the  fish  two  or  three  times  in  (juiek  succession 
with  the  right  hand.    The  heiid  is  carried  to  the  left  side  under  the 


'The  coiuHtioii  that  permitn  the  diMoerunieiit  of  objects  at  a  distanco  of  10  to  20 
hichw  beneatti  the  water  nurface,  the  method  of  registration  employed  by  the  Waah- 
ington  (D.  C.)  aqueduct  otlice. 
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sirm  ami  there  retaiiied  by  the  »riu,  the  tail  being  bent  slightly  n|iward 
with  the  left  hand.  Whcu  the  tish  is  properly  a4josted  its  head  is 
neurly  concealed.  The  Ash  is  hohl  firmly  over  a  moist  pan,  aad  with 
a  moderate  downward  pressure  of  the  right  hand  the  eggs  will  flow 
freely  if  mature..  The  strokes  are  continued  until  there  are  signs  of 
blood,  which  usually  accompany  the  last  eggs.  The  fingers  should  not 
touch  the  gills  ol  the  lisli,  as  laceration  of  these  organs  causes  a  tlow  of 
blood  ii^juriotis  to  the  eggs.    Two  fish  may  be  stripped  into  each  pan. 

As  soon  as  the  spawn  is  all  obtained,  the  sba<l  is  discarded,  it  being 
Impossible  to  preserve  the  life  of  such  a  delicate  fish,  even  with  the 
utmost  care.  But  though  it  has  slight  tenacity  of  life  when  taken  from 
the  water,  the  shiid  is  a  very  muscular  fish,  and  if  not  firmly  held  it  will 
Sounder  and  splash  iu  the  pan  of  eggs  and  probably  throw  a  large 
proi>ortJon  out  and  damage  some  of  those  that  lemain. 

The  first  halt  tcasiMxinfut  of  eggs  should  be  pressed  out  into  the 
palm  of  the  left  hand  and  inspected.  Skilled  operatives  can  usually 
discern  rijwness  by  general  outward  appearance,  A  slow  and  yet 
almost  positive  test  consists  in  running  some  of  the  eggs  into  water, 
when,  if  dead,  they  will  have  the  appearance  of  boiled  rice.  Bat  bod 
eggs  are  sometimes  beyond  the  detection  of  the  moat  skilled  fish- 
cultiirists.  If  the  eggs  are  white,  opnijue,  or  of  milky  appearance,  the 
fish  is  put  aside.  Immature  eggs  are  whitts  sni;ill,  and  adhering  in 
clots;  or  tlicy  may  ht--  IraTiispiirent  and  yet  iiiiyicliHiig  tn  pressure. 
The  former  are  valueless,  while  the  latter  can  sometimes  be  utilized  by 
putting  the  flsli  aside  to  soften.  Both  ripe  and  green  eggs  sometimea 
occur  in  the  same  fish,  but  only  expert  operatives  can  hope  to  take  the 
one  and  leave  the  other.  If  eggs  are  mature,  but  little  pressure  is 
necessary  to  start  them,  and  if  not,  they  are  only  injured  by  si|ueezing, 
and  will  either  not  Howat  all.  orwill  coiDe  away  with  difScnlty  in  clotted 
masses  and  generally  with  a  little  blood.  After  the  spawn  is  taken 
away,  the  fish  has  a  soft  and  llaceid  appearance  about  the  abdomen, 
which  alter  iialnral  spawning  becomes  contracted  and  drawn  up,  taper- 
ing slenderly  toward  the  tail, 

Kggs  ot  the  best  grade  may  be  impaired  by  intermixture  of  overripe 
or  green  ones,  lumps  (if  milt,  tissues  of  the  sperm  sac,  or  fish  scales.  The 
overripe  and  unfci'tilized  ones  can  be  discarded,  and  a  tiny  net,  an  inch 
square,  or  a  sirawor  twig,  maybe  used  in  removing  foreign  substances. 
The  spawn  taker  should  clean  the  eggs  before  delivering  them  at  the 
hatchery,  and  no  subseijucut  care  can  compensate  for  his  neglect. 
Experienced  men  rarely  bring  in  bad  eggs,  unless  as  a  result  ot  vari- 
able and  unfavorable  weatlier  conditions. 

To  obtiiiu  the  milt  the  spawn-taker  catches  the  fish  by  the  back, 
taking  Iiold  ot  the  under  side  with  the  right  hand.     Without  relaxing 
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flflih  which  have  been  dead  some  minntes  the  milt  is  lampy  and  flows 
only  in  drops.  A  teaspoonful  will  fertilize  40,000  to  75,000.  After  the 
milt  has  been  applied,  from  half  a  pint  to  a  pint  of  water  from  the  river 
is  added  and  the  pan  given  a  slow  rotary  motion,  continued  till  the  milt 
JB  thoroaghly  mixed,  when  a  milky  appearance  is  imparted  to  the  water. 
When  the  river  water  is  turbid,  clear  water  must  be  obtained  before  work 
is  commenced. 

In  gill-net  boats  eggs  thus  treated  will  expand  without  further  imme- 
diate attention,  for  there  is  sufficient  motion  from  the  boat  to  prevent 
clotting;  shad  eggs  do  not  << cement '^  when  the  milt  is  applied  to  them, 
as  in  the  case  with  salmon  and  trout  eggs ;  but  tliey  adhere,  and  if  left 
perfectly  quiet,  as  on  shore,  a  large  proportion  will  be  lifeless.  Those 
comprising  the  lower  strata  may  either  lack  sufficient  expansive  power 
to  absorb  water  under  weight  of  the  others,  or  in  the  suction  of  each 
separate  egg,  in  the  natural  tendency  to  absorb  water,  they  may  have 
a  capping  effect  upon  one  another,  thus  preventing  water  contact. 
Whatever  the  cause,  they  stick  together  in  one  mass,  and  only  those 
of  the  upper  layers  receive  sufficient  water;  the  others  remain  under- 
sized and  die.  Large  quantities  of  eggs  must  be  separated,  either  by 
agitating  the  water  already  in  the  pan  or  by  the  addition  of  more. 

In  one  minute  after  thorough  mixing  the  milt  can  be  washed  off  with 
safety,  but  usually  several  pans  are  to  be  looked  after,  when  the  milt 
may  be  allowed  to  remain  5, 10,  or  even  15  minutes.  After  the  last 
pan  of  eggs  has  been  fertilized,  they  are  rinsed,  beginning  with  those 
first  taken,  by  pouring  in  a  quart  of  water,  placing  the  edge  of  the 
dipper  so  that  the  stream  is  directed  between  the  eggs  and  the  sides 
of  the  pan,  as  the  eggs  may  be  injured  if  the  water  is  poured  directly 
npon  them.  Then  the  ])an  is  oscillated,  the  water  being  drained  over 
the  edge  slowly,  and,  the  operation  being  repeated,  the  third  quart  of 
water  is  left  upon  the  eggs.  The  eggs  must  be  well  stirred  with  the 
inflowing  water. 

There  need  be  no  fear  of  applying  too  much  milt.  The  amount 
obtaine<l  from  one  lish  may  be  ample  for  the  eggs  from  two,  but  it  is 
always  better  to  employ  two  males.  Eggs  may  look  promising  for  two 
or  three  hours,  yet  never  expand  to  full  size  or  produce  lish.  They  lie 
at  the  bottom,  and  underneath  any  ^ood  ones  which  may  be  in  the 
pan;  they  stick  to  the  fingers,  while  the  good  ones  will  not,  nor  can 
they  be  successfully  removed  from  hatching-jars  until  after  several 
days'  decomposition.  By  using  two  pans,  good  eggs  may  be  sei)arated 
from  bad  by  i>ouring,  but  the  process  is  slow  and  there  is  usually  no 
time  in  the  hatcheries  for  such  operations. 

Good  eggs  are  very  transparent  and  so  soft  and  light  that  they  are 
not  apparent  to  the  touch  when  the  lingers  are  moved  among  them. 
When  the  temperature  is  about  70^,  no  change  is  observed  for  about 
12  or  13  minutes  after  the  milt  is  added,  but  about  this  time  a  careful 
movement  of  the  lingers  in  the  pan  discloses  their  presence,  and  in  a 
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little  more  than  -O  minutes  from  tb«  time  tlin  milt  is  applieil  tliey  feel 
Iik«  Hbot  »^^QSt  tbo  Hngers,  mid  to  an  pxperiuui^xl  eye  are  obinervetl 
to  JKci-ease  slightly  in  size;  when  a  day  old,  they  will  not  bresik  if 
dropi>ed  to  the  floor.  In  transferring  to  other  vessels,  the  riiu  of  the 
smaller  pan  should  be  gently  immersed  beneath  the  vater  surface  in  the 
larger  one,  uud  the  pouring  take  place  gradually.  To  pi-event  splashing, 
in  boats,  a  small  pan  should  be  put  on  the  water  surface  of  the  larger 
pan.  Budden  Jars  nmst  be  avoided,  all  foreign  substances  excluded,  and 
the  pans  be  free  from  grease  and  salt.  After  the  application  of  milt 
they  expand  to  fnll  size  in  20  to  60  minutes,  depending  partly  on  tem- 
perature, and  at  this  stage  they  may  be  doubled  up  in  the  larger  pans,  the 
que-tion  of  safety  hi  moving  them  Ireing  determined  by  their  hardness.. 


I 


When  eggs  are  received  at  the  station,  in  order  to  thoroughly  remove 
all  impurities  they  are  passed  thiongb  netting,  and  for  this  purjiose, 
two  IS-inch  flared  tin  ])ans  with  handles,  one  pan  fitting  within  the 
other,  are  employed ;  2  ini-lies  of  tno  bottom  part  of  the  inner  pan  are 
evenly  cut  oil' and  replaced  witb  quarter-inch  (bar)  twine  netting.  The 
lower  pan  is  filled  with  water  to  a  point  jnst  above  the  netting,  and 
thensevcralquartsof  eggs  are  gently  poured  ill,  when  they  drop  through 
the  meshes,  leaving  the  fish  scales,  etc.,  behind.  Thus  tliey  are  also 
given  a  change  of  water,  which  should  be  clean  and  fresh  and  of  about 
the  same  temperature  as  that  in  the  hatchCLv  and  river. 

If  the  eggs  have  absorbed  siilhcient  water  in  the  spawn-pan,  they 
swell  iind  adhere  to  each  other,  forniitig  a  compact  mass,  and  are  ready 
to  be  ti'ansferred  to  tlio  li;ilcliiiig-i:irs,  but  if  tiiey  are  not  fiilliciently 
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HATOHERIES   AND  EQUIPMENT. 

The  building  for  a  shad-hatx^hery  may  be  of  a  teiniiorary  character,  as 
it  is  used  only  about  two  mouths  each  year,  but  ample  light,  space, 
ventilation^  and  arrangements  for  moderate  heating  are  necessary.  The 
steam  boiler  and  pumps  should  be  iu  a  separate  structure. 

In  exceptional  cases,  as  at  Central  Station,  in  Washington,  river 
water  from  city  pipes  can  be  utilized.  If  the  water  supply  is  takeu 
directly  from  the  river  the  suction  should  be  put  below  low-water  mark, 
and  the  end  provided  with  a  strainer  and  kept  off  the  bottom  to  avoid 
sediment.  The  water  should  be  supplied  from  an  open  tank,  not  by  a 
force-pump,  but  if  it  is  taken  from  municipal  pipes  a  regulator  may  be 
employed.  A  fall  of  16  feet  is  desirable,  or  8  x)ouikIs  pressure  per  square 
inch  at  the  top  of  the  hatching-jars.  The  amount  required  is  2  quarts 
per  minute  to  each  jar. 


Plan. 


Section  A-B 


TEST 


Upper  fignre  showiiif;  view  from 
•Imre. 

Lower  left-hand  figarc :  Endvit^w 
Mhowing  hatching-Jar  in  x>u8ition. 

Lower  right-hand  ll^uro:  Cross- 
Nactlon  ahowin);  the  drain- pipe  and 
troagh  in  center  of  tiible. 


Sha<I-Latching  tabic. 

The  jars  are  arranjfcd  on  tables,  as  shown  in  the  cut.  From  a  large 
iron  pipe,  branch  piping  of  Ik  to  2  inches  diameter  is  run  over  each 
table,  where  4-iuch  brass  pet-cocks  are  inserted  G  inches  apart.  The 
jars  are  connected  with  the  supply-pipes  by  half  inch  rubber  tubing. 
Tight  drains  are  required  to  carry  away  the  waste  water.  Collector- 
tanks  for  fry  are  rectangular  and  may  be  of  glass  or  wood,  the  former 
possibly  preferred. 


1 
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I  The  overflow  from  tliu  collectors  i.s  gaimlt-d  by  a  wire-gaiize  or  cheese- 
I  lioth  Ktriuner.  A  safe  and  iutercliaiigeable  device  consists  of  a.  stout 
wire  frame,  over  wliicli  a  rbeese-i-lolh  bug  Js  drawn  and  ti«l.  A 
J-iooh  robber  hoae  i&  attncbed  to  tbe  opening  in  the  frame.  Tbe 
strainer  is  put  inside  among  the  fry,  and  the  outflow  in  an  overflow  cup. 
The  overflow  cup  is  set  at  tbe  projicr  height  to  control  the  wat«r  loval 
in  the  collector-tank.  Long-handled  u«ts  of  ,^-iQch  mesh  are  reijuired^ 
to  removn  egg  lumps  or  other  mattei*  from  tbe  Jars.  fl 

THE  AUTOMATIC  HATCHINO-JAK. 
The  TTnit«d  States  Kisb  Commission,  in  tlie  development  of  its 
work,  bad  preaented  to  it  the  necessity  of  dealing  with  tbe  vggs  of  tbe 
whitetish  and  the  shad  upon  a 
scale  nnjirccedented  iu  the  his- 
tory of  fish-cultiire.  Millions 
were  to  l>e  han<Iled  instead  of 
thousands,  and  the  reinovfil  of 
dead  eggs  by  band  picking  was 
no  longer  to  be  considered. 
After  successive  experiments 
the  McL>onald  automatic  batcfa- 
ing-jnr  was  devised,  and  it  ia 
now  generally  employed. 

The  most  meritorious  feature 
"f  this  apparatns  is  that  it 
lirtivents  the  development  of 
Hie  siipmlegiiiuus  fungus,  which 
ciinsed  HO  great  a  mortality  in 
some  other  forms  of  hatching 
contrivances  iu  wbicb  nil  the  ova 
were  not  in  continual  movfiraeut. 
Tliu  very  grailiial,  gentle,  and 
continual  rolliug  movement  of 
the  ova  upon  each  other  in  the 
jar  jipi>areut].v  prevents  the 
.s[M>res  of  tbe  fungus  from  ad- 
the  iippanitna  is  also  advantageous,  and  as 
tbe  material  of  which  it  is  imule  is  gbiss,  tlie  progress  of  development 
can  be  watched  witisfactorily  from  the  oiilside  of  tbe  jar  with  a  band 
glass  or  jiocket  leius  of  moderate  power. 

Tbe  Jar  is  a  cylindrical  glass  vessel,  of  about  7  quarts'  capacity, 
witli  liemispherical  bottom,  supi)orted  upon  three  glass  legs.  The  top 
is  made  with  threads  to  receive  a  screw  cap.     It  is  closed  by  a  metallic 
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tfae  metal  plate,  admits  tbe  glass  tube  which  carries  off  the  waste 
water.  The  central  tabe  is  connected  by  htilf-iuch  rubber  tubing  witti 
the  pet-cock,  which  regulates  the  supply  of  water.  A  groove  in  the 
inner  snr&ce  of  the  metallic  plate  carries  a  rubber  collar,  and  when 
tbe  plate  is  in  place  the  tightening  of  the  metallic  screw-cap  seals  the 
opening  hermetioally.  Both  the  iulet  and  outlet  tubes  pass  through 
ata£Bog-boze8  provided  with  gum-wasliers  and  binding-screws.  The 
oeotral  or  feed  tube  is  provided  with  stufling- boxes,  one  on  the  top  of 
tbe  disk  and  one  on  tbe  bottom,  the  better  to  hold  it  to  a  true  center. 
Tbe  ooUet  tube  is  provided  with  only  one  stutiiug-box,  and  the  binding- 
ring  la  beveled. 

In  preparing  tbe  jar  for  work  the  side  tube  is  fitted  first.  The  glass 
tabe  should  be  wet,  the  gum- washer  slipped  on  the  tube  about  an  inch 
from  the  end  and  inti'oduced  into  the  opening.  Holding  the  tube  per- 
pendicnlarly  to  the  face  of  the  plutc,  press  fairly  on  the  tube,  and  tbe 
washer,  rolling  on  itself,  will  fall  into  the  seat  iirovided  for  it.  Screw 
OD  tbe  binding- 
ling,  and  test 
seeing  that  the 
tube  slides  fi'eely 
back  and  forth  in 
tbe  stufBng-box; 
if  not,  it  should 
be  refitted  with  a 
heavier  or  lighter 
wasber,  as  maybe 
required.  Glass 
tubes  can  not  be 
procured  of  abso- 
lute uniformity  in  KfiB  Kimiiol. 
size.  Water  Is  the  only  lubricant  that  .should  be  used  about  the  jar 
fittings. 

The  jar,  after  beiiifr  washed  clean,  is  filled  with  fresb  water.  A 
shallow  tin  funnel  with  a  perforated  rim  in  inserted,  so  that  the  water 
will  stand  as  high  in  the  funnel-throat  as  jtossible,  and  tbe  eggs  are 
poured  in  by  dipperfuls.  or  when  taken  from  transportation  trays  are 
washed  in  by  a  jet  of  water.  Oare  is  used  to  have  the  eggs  fall  but  a 
short  distance,  and  no  fish  scales  or  other  foreign  matter  should  enter 
the  jarwith  them,  as  the  presence  of  anything  but  water  and  eggs  ren- 
ders a  proper  motion  of  the  mass  impossible,  and  usually  results  in  the 
loss  of  a  large  i»roportion  of  tlie  eggs.  The  requisite  number  of  eggs, 
80,000  to  100,000,  being  in  the  jar,  it  is  put  in  position  and  closed, 
care  being  taken  that  both  the  iulet  and  outlet  tubes  slide  freely  in 
their  Btnifing-boxcs.  If  the  tubes  become  gummed,  let  water  trickie 
down  around  tbe  binding-screws.  To  close  the  jar,  turn  on  the  water, 
place  tbe  feed  tube  in  the  jar,  turning  off'  the  water  immediately  after 
the  feed-tube  has  passed  beneath  the  surface  of  the  water  in  tlie  jar, 
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ttiiis  extielling  al)  the  air  from  the  feed-tube;  otherwise  it  woald  rise 
ill  bubbles,  throwing  a  jrortion  of  the  eggs  out  through  the  ontlet-tube. 

With  a  proper  quantity  of  Reciil-buoyuiit  eggs  in  the  Jar  and  the 
water  turned  on  and  regulated,  the  movemeut  of  the  current  estab- 
tisheA  a  regular  boiling  motion  in  the  iniiss  of  eggs,  which  Imngs  each 
in  suci^ession  to  the  Hiirfao<'.  This  motion  may  bo  regulated  without 
altering  the  quantity  of  water.  Ity  loosening  the  upper  bindiug-si^rew 
of  the  central  stuHling-box,  and  pui^hiug  the  feed-tube  down  until  it 
almost  comes  in  contact  with  the  bottom  of  the  jar,  the  motion  of  the 
?ggs  is  increased.  If  the  jar  is  working  properly,  the  dead  eggs  when 
bi-ought  to  the  surfiice  ramatu  on  top,  forming  a  distinct  layer,  and  by 
pushing  down  the  outlet  tube  a  suitable  distance  they  are  lifted  up 
by  the  escaping  current  and  talien  out. 

When  the  water  in  turned  on  for  the  first  time  the  jar  should  be 
watched  closely  until  a  regular  motion  has  been  established.  When 
eggs  have  stood  15  or  20  minutes  in  the  jar  before  the  water  is  turned 
on  they  do  not  readily  yield  to  the  boiling  motion,  but  lend  U'  rise  in  a 
Bolid  mass  to  the  top  of  the  jar.  By  quickly  stiirting  and  stopping  tbo 
current  the  mass  ia  readily  disintegrated.  The  degree  or  inteuMity  of 
motiou  of  the  eggs  varies  not  only  with  their  age  and  condition,  but  alao 
vitb  the  condition  of  the  water.  If  the  water  is  muddy,  the  motJoD 
should  be  rapid  enough  to  prevent  mud  settling  either  on  the  eggs  or  in 
thebottomof  (bejar.  Ordinarily  the  best  motion  is  thafcwhidi  rewlily 
brings  the  dt'ad  eggs  to  the  surface.  After  the  hutching  has  progressed 
far  I'liouyli  to  diwiioae  of  :i  jinrtion  i)f  tliu  i-ygs  tliiTi-  is  less  resistance  to 
the  current,  and  it  should  be  reduced  by  shutting  ofl'  part  of  the  supply 
or  by  slightly  lifting  the  central  tube.  If  the  motion  is  not  reduc«i', 
from  time  to  time  a.s  the  hatching  ])rogresses,  shells  will  be  carried  oveT 
into  the  receiving-tank  with  the  fish  and,  being  very  light,  will  be  drawu 
against  the  outlet  screen,  causing  an  overflow.  The  motion  should  be 
so  gentle  at  the  time  of  the  greatest  hatching  as  barely  to  induce  the  fis' 
to  swim  out  of  the  jar  and  leave  their  cast-off  shells  liehind. 

Very  healthy  eggs,  exiwsed  to  bright  direct  sunshine,  hutch  so  rapidly 
that  the  combined  effort  of  the  swarming  mass  of  yoniig  tish  will 
establish  sufficient  current  U*  draw  some  shells  over  into  the  receiving- 
tank.  This  may  be  modified  by  placing  a  screen  between  the  Jar  and 
the  li^'ht.  The  shells  under  normal  conditions  remain  and  form  a 
cloud-like  layer  above  the  mass  of  working  eggs.  As  they  accumulate 
they  should  be  removed  by  shoving  down  the  outlet  tube  until  tbey  are 
drawn  up  with  the  escaping  water.  A  j:oo»l  phm  is  (o  draw  several 
Jars  in  succession  into  a  large  pan,  whence  any  fish  coming  over  with 
the  shells  may  be  ladled  into  the  receiving  tank. 

A  remnant  of  eggs  may  be  long  in  hatching,  and  they  should  be 
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In  reconnectiug,  the  air  may  be  expelled  with  the  metal  top  screwed 
down  in  iK)Hition.  To  effect  this,  draw  both  glass  tubes  up  to  the  top  of 
the  jar  and  tarn  on  a  full  head  of  water,  when  the  air  will  be  forced  oat 
in  babbles  above  the  eggs,  the  bubbles  escaping  through  the  outlet 
tube.  The  central  tube  is  now  restored  to  its  former  position.  The 
automatic  action  permits  entire  separation  of  bad  from  good  eggs, 
though  some  days  may  be  required  to  accomplish  the  full  result.  The 
dead  become  lighter  from  gases  arising  from  decoiiixx)sition.  A  net, 
small  enough  to  easily  enter  the  mouth  of  the  jar  and  iixed  to  a  handle 
several  inches  longer  than  the  jar,  is  convenient  for  removing  ])articleB 
of  foreign  matter. 

Shad  eggs  are  semi-buoyant,  and  those  which  will  not  rise  commence 
lumping  on  the  third  or  fourth  day.  The  usual  ])eriod  of  hatching  is 
from  6  to  10  days,  sometimes  longer,  according  to  temi)erature  of  water, 
but  with  high  temperature  they  will  hatch  in  3  days.  Fry  hatched  in 
less  than  5  days  are  usually,  though  not  always,  weak.  In  general,  the 
l>eriod  of  incubjition  varies  inversely  with  the  prevailing  temperature, 
bat  continuous  dark  and  cloudy  days  will  retard  and  strong  light  will 
accelerate  development  under  jirecisely  the  same  conditions  of  water 
temperature,  and  other  circumstances  not  well  understood  may  also 
have  their  influence. 

Fry  when  hatched  are  about  0.37  inch  long.  They  have  been  meas- 
ured at  intervals  of  from  5  to  15  davs,  from  late  in  Mav  to  the  middle 
of  October.  Toward  the  middle  of  August  the  rate  in  growth  dimin- 
ishes. When  9  days  old  they  are  about  0.r)2  inch  long.  Fry  0.5  inch 
long  July  20tli  were  0.75  inrli  long  8  days  later;  on  August  14th,  2  to 
2,25  inches;  September  20th,  l\  to  4  inches;  October  1st,  4  to  4 J  inches; 
November  4tli,  5  to  7  inches.  Some  years  they  grow  faster  than  others, 
and  in  some  streams  more  rapidly  than  in  others.  From  the  State  fish- 
ponds at  Kaleigh,  North  Carolina,  IVS  were  removed  in  November,  1884, 
which  measured  «S  to  9  inches.  Their  usual  size  in  the  Potomac  in  the 
fall  is  3  to  4  inches. 

MEASUKlNa  TUB   EG(;S   AND   FRY. 

To  estimate  the  number  of  eggs  and  of  the  young  fry  was  for  years 
rather  a  dilhcult  matter  to  accomi)lish  satisfactorily.  The  standard 
made  use  of  at  the  outset  was  undoubtedly  much  too  high.  The  scale 
most  used  at  present  is  a  light  square,  made  of  wood,  the  longer  leg 
being  15  inches  and  the  shorter  7A  inches  long.  The  material  is  J  inch 
wide  and  J  inch  thick.  The  graduations  are  on  the  hmger  leg,  and 
read  from  the  lower  end  upward.  The  lirst  line  is  at  a  height  corre- 
sponding to  the  level  attained  in  the  Jar  by  a  measured  half-pint  of 
water,  and  the  succeeding  lines  are  determined  by  the  introduction  of 
additional  half  i)ints  of  water.  When  the  scale  is  being  constructed, 
the  central  glass  tube  is  stopped  at  the  lower  end  that  it  may  (lispla<'e 
an  amoui>t  of  water  equal  to  the  amount  of  eggs  it  will  displace  in 
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practice.  Eavfa  line  on  the  measuring  etick  ri>gist«r))  7,000  shad  eggs. 
Tlie  uuniber  of  eggs  in  a  liquid  piut  is  estaltlished  by  actuiil  («uiit. 
Those  which  are  very  young  or  have  been  lately  on  trays  are  not  of 
nonaa]  size  and  not  (jtiulitliod  for  measarenient.  Tlie  eggs  are  at  rest 
when  measured. 

The  jar  eont«ut8  are  deteruiined  by  placing  the  short  leg  of  the 
measuring-stick  over  the  top,  with  the  other  i>otiiting  downward  aud 
toncbiug  the  side  of  the  jiii-.  The  number  is  indicated  on  the  wale  at 
the  itoiiit  oiiposite  the  surface  of  the  bulk  of  the  eggs.  Scarcely  any 
nnii-buoyant  eggs  die,  under  proper  conditions,  after  hatching  out  has 
I  coQinieuced,  and  a  «lo«.e  approximation  to  the  number  of  fry  may  bo 
obtained  ftom  the  last  lueastiremeut,  trhicli  is 
miwle  after  the  careful  removal  of  all  dead  eggs 
and  the  bursting  forth  of  the  first  young. 

FEEDINtJ  AND  BEAEIBG. 

The  young  shad  swims  vigorously,  by  rapid 
iiud  continuous  vibration  of  the  tail,  from  the 
moment  it  leaves  the  egg.  It  is  colorless,  trans- 
part^'Ut,  and  gelatinous.  Several  hundred  in  a 
dipper  are  scarcely  discernible.  It  has  a  rela- 
tively largo  yolk-sac,  but  supports  it  with  ease 
during  the  first  four  or  five  dnys  after  hatching, 
the  small  quantity  remaining  .ifter  this  time  not 
being  visilile  externally,  although  found  in  shad 
fry  14  to  Iti  days  old.  Minute  conical  teeth  make 
their  appearance  on  the  lower  jaws  and  in  the 
liliarynx  about  the  Bei'ond  or  third  day  after 
li;ilcbing.  The  jaws  at  thi-ee  mouths  are  aruHMl 
u  itii  teeth  slightly  curved. 

Youug  shad  feed  un  other  minute  organisms, 
such  as  exceedingly  small  crnstaceans.  Food 
has  never  beeu  observed  in  the  alimentary  caual 
until  ten  or  twelve  days  after  the  young  fish  had 
K'ft  the  cjjg.  At  about  theiniihlle  uf  the  second 
week  considerable  may  be  seen,  but  the  intestine 
is  then  not  often  very  densely  pai'ke<l.  At  the 
*SKB-  njje  of  three  weeks  an  abundance  of  food  is 

ibund.  Tliey  have  been  known  at  this  early  age  to  eat  their  own  kind, 
and  later  the  young  carp  and  sabnon.  When  cold,  raw  winds  drive 
the  cruMtiuoiins  into  doejier  water,  the  yoinig  shad  follow  them,  and 
in  aquaria  (hey  take  crustacea  freely.  In  salt  water  aquaria  they  may 
be  fed  upon  chop|ied  oysters  and  canned  herring-roe. 
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was  added  to  from  day  to  day  for  nearly  a  week,  when  it  was  brought 
up  to  1.018,  or  the  same  specific  gravity  as  the  water  used  in  the  marine 
aquaria.  At  the  time  these  were  placed  in  the  brackish  water  others 
were  put  into  freshwater  aquaria,  but  the  latter  died  within  three 
days.  Those  in  salt  water  began  in  two  or  three  days  to  take  food, 
consisting  of  chopped  oysters,  clams,  and  beef,  the  preference  being 
for  oysters.  At  first  they  would  take  food  only  when  it  was  sinking, 
later  they  began  taking  it  off  plants  where  it  had  lodged,  and  finally 
from  the  bottom.  Nearly  all  remained  healthy,  plump,  and  active  for 
six  months,  some  living  until  about  midsummer. 

For  ten  years  past  two  or  three  million  shad  fry  have  been  reared 
annually  at  the  Fish  Ponds,  Washington,  D.  C.  A  (>-acre  pond  is  used, 
the  water  supply  being  taken  from  the  city  water-works.  The  depth 
varies  from  2  to  3  feet,  and  throughout  the  whole  extent  there  is  a  dense 
growth  of  water-plants,  among  which  crustacean  food  multiplies — new 
supplies  being  brought  in  from  the  water-pipes.  Fingerling  shad  are 
so  tender  that  the  numbers  annually  liberated  can  not  be  ascertained; 
they  can  not  withstand  the  handling  consequent  upon  counting  them, 
not  even  undergoing  transfer  in  dii)])ora  of  water,  and  their  scales  drop 
off  on  being  touched;  consequently  at  high  tide  they  are  liberated  into 
the  Potomac  through  a  sluice-gate  with  an  outlet  pipe  about  2  feet  in 
diameter.  They  require  some  days  to  make  their  escape.  By  conserva 
tive  estimate  50  to  GO  per  cent  are  held  safely  until  about  October. 

Bearing  has  been  experimentally  tested  at  Wytheville  and  Neosho 
with  good  results.  At  Neosho  on  the  3d  of  J  une,  1802,  700,000  fry  were 
received  from  Gloucester,  N.  J.;  their  growth  was  satisfactory.  In 
preparing  for  their  release  the  hatchery  branch  was  cleared  of  shoals, 
drifts,  and  aquatic  i)lants  for  three-quarters  of  a  mile,  and  early  in 
November,  when  the  branch  was  swollen  with  rain  water,  200,000 
6-months-old  fish  were  allowed  to  pass  through  open  gates;  they  were 
some  hours  in  escaping,  in  a  continuous  silvery  mass.  These  were  the 
first  fingerling  shad  planted  in  waters  tributary  to  the  Gulf  of  Mexico. 

TRANSPORTATION. 

Good,  healthy  fry  will  pass  from  the  jar  to  the  collector-tank  as  fast 
as  liatched,  and  unless  too  thick  will  not  lie  on  the  bottom  of  the  tank, 
although  they  sometimes  crowd  on  the  side  nearest  the  strongest  rays 
of  light.  As  many  as  500,000  to  800,000  are  collected  in  each  tank. 
In  transporting,  they  must  be  kept  in  vessels  with  smooth  surfaces, 
preferably  tin-lined  cans.  Zinc  vessels  are  destructive,  and  galvanized 
cans  are  not  recommended. 

About  2,000  to  3,000  fry  are  put  to  a  gallon  of  water,  which  must  be 
pure  enough  for  ordinary  drinking  purposes  and  well  aerated.  The 
water  in  the  cans  must  be  kept  at  58°  to  05^,  though  in  rivers  and 
ponds  the  fry  endure  a  temperature  of  90^  F. 

As  early  as  1874,  experiments  were  carried  on  to  retard  the  develop- 
ment of  eggs,  in  order  to  provide  a  longer  period  between  the  delWecY 
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of  the  eggs  from  the  jiiireot  fisb  and  tli«  alisorptitm  of  tbe>alk  sue. 
Eilg^  when  trana|Mirt«<l.  vere  placed  ou  Craytt  and  pnt  under  melting 
iee,  anil  liitt-r  experimente  liave  been  (.rondiioteii  inside  refrigerator 
boxes. 

Patbologica)  i-faftiigex  or  iloformitJes  are  indnced  in  the  emhrj'os  when 
subjecte^l  to  too  low  n  tem{H;rature  or  when  beld  long  ennu^-h  on  damp 
ftannel  triiys  (ordinary  air  tem|>eriiture«)  to  Iiatcb. 

It  would  appear  that  55"  to  53  '  is  the  lowest  temperatnre  iu  which 
OVA  will  safely  HUdergo  their  normal  development  and  9  days  is  the 
longest  ])eriod  of  incubation  attainable  at  that  Iemi>eratnre — time  sufli- 
oient,  when  added  to  the  several  days  repaired  tor  the  young  to  absorb 
the  j-olk  aac,  to  ship  them  t"  Europe,  though  efforts  in  this  diredion 
bare  thns  far  failed.  One  drawback  is  the  rapid  dvvetopmeut  of  fuii- 
g^tii,  which  grows  over  the  eggs,  peuetnites  the  inumbranes,  and  kills 
the  ova. 

The  eggs  are  tttaipped  in  (,Tat«8  of  20  shallow  trays,  the  frarues  of  the 
latter  being  of  wooil  with  bottoms  of  wire  mesh  abont  S  to  the  linear 
inch.  Wood  and  wire  are  painted  with  nsphaltnm.  Each  truy  is 
covered  with  cheese  eloth.  somewhat  overlapping  [he  edgea,  the  clotha 
being  hemmed,  to  avoid  ravelinga.  There  are  two  frames  of  wood, 
couiieisted  with  leather  straps;  one  the  biise  and  the  other  the  cover  for 
the  stack  of  trays.  The  trays,  after  lieing  tilled  with  eggs,  are  wrapped 
in  A  long,  cotton  goods  a|iron  and  Htnip)te<1  together.  There  is  an  inm 
handle  on  the  top  frame,  and  the  lowermost  tray  is  pnt  down  empty 
with  the  wire  surfice  upward.  Then  follow  tlie  trays  containing  egfjs, 
the  npiwnnost  one  beine  jiut  ou  emfity  with  the  wire  surface  up.  The 
top  and  liDttoiti  trays  are  merely  to  protect  the  otliers. 

The  greater  ])art  of  the  water  above  the  eggs  is  poured  olV  from  the 
jars  and  the  remainder  pi>ure<l  into  tin  pauH  ahuig  with  the  eggs. 
The  cinttis.  after  soaking  in  water,  are  arranged  one  by  one  un  the 
tiays  and  lui-ked  closely  into  the  four  curners.  The  trays  are  slai'ked 
up  and  eggs  poured  evenly  over  the  surface  of  the  top  une  with  a 
large  dipper,  and  each  tray,  when  tilled,  is  |iut  on  the  crate  base.  The 
surplus  water  <lrains  away  to  tlie  manipulating  table.  Tray  cloths 
which  are  made  of  material  too  closely  woven  to  let  tlie  water  through 
are  unsuitable. 

The  eggs  are  bailed  uj)  in  dippers  with  the  water  that  they  are  in,  and 
usually  spreail  two  layers  deep,  but  may  be  put  on  more  thickly.  When 
eighteen  trays  arc  tilled  they  are  wrapped  in  the  outer  doth,  previously 
soaked  in  water,  ami  tightly  l>uckled  together.  The  crate  covers  and 
tray  cloths  are  boiled  in  water  each  time  after  use. 

Kacli  tray — 14  by  13  inches  area,  with  two  layers  of  eggs — holds 
about  20,(I(MI  egss,  the  contents  of  a  full  crate  re))resenting  from  ;(0O,(KIO 
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TRANSPLANTING. 


The  propagation  of  shad  is  mainly  carried  on  to  maintain  or  increase 
the  supply  in  rivers  where  the  Kpecies  is  native,  bnt  thin  fish  has  also 
been  planted  in  waters  in  which  it  was  either  unknown  or  found  in 
small  quantities.  Large  numbers  of  fry  have  been  liberated  in  tribu- 
taries of  the  Onlf  of  Mexico,  but  without  marked  results.  Between 
1873  and  1892  several  million  fry  were  experimentally  placed  in  Great 
Salt  Lake,  Utah  Lake,  and  Bear  Lake,  ITtsih ;  and  from  1884  to  188G, 
3,000,000  fry  were  liberated  in  the  Colorado  Kiver  at  the  Needles,  in 
Arizona,  but  these  experiments  were  unsuccessful. 

Remarkable  success  has,  however,  attended  the  stocking  of  the 
waters  of  the  Pacific  coast.  In  1871,  12,000  shad  fry  from  the  Hudson 
Biver  were  liberated  in  the  Sacramento  Kiver  by  the  Oaliforuia  Fish 
Commission,  and  in  1873  the  United  Stiites  Com  mission  made  a  second 
deposit  of  35,000.  Subsequent  plants  in  the  Sacramento,  aggregating 
6M,000,  were  made  by  the  United  States  Commission  from  1870  to 
1880.  From  these  small  colonies,  amounting  to  less  than  1  per  cent  of 
thenamber  now  annually  planted  in  the  Atlantic  Slope  rivers,  the  shad 
have  mnltiplied  and  distributed  themselves  along  nearly  3,000  miles 
of  the  coast  from  southern  California  to  southeastern  Alaska.  They 
reached  Bogue  JKiver,  Oregon,  in  1882.  In  the  Columbia  a  few  were 
taken  as  early  as  1876  or  1877.  About  1881  or  1882  they  were  on  the 
coast  of  Washington,  reaching  Pugot  Sound  in  1882.  They  appeared 
in  thcFraser  Biver,  British  Columbia,  in  1891;  in  the  Stikine  Biver, 
near  Wrangell  Island,  Alaska,  the  same  year,  and  are  now  found  along 
the  entire  coast  from  Los  Angeles  County,  Cal.,  to  Chilkat,  Alaska, 
ooyering  22  degrees  of  latitude.  Their  distribution,  from  the  standpoint 
of  commercial  importance,  is  from  Monterey  Hay  to  Puget  Sound. 

On  the  northern  part  of  the  coast  the  Urst  shad  fry  were  int  roduced  in 
1885,  the  number  being  60,000.  Of  these,  50,000  were  put  in  the  Willa- 
mette Biver  and  10,000  in  the  Snake  River.  The  following  year  850,000 
were  introduced  into  the  Columbia  River. 

The  shad  is  now  one  of  the  most  abundant  (ishes  of  (California.  As 
a  xesultof  the  liberation  of  the  first  two  consignments,  adult  shad  were 
eanght  in  1874,  and  by  1876  this  fish  had  become  numerous.  In  1880 
specimens  of  all  sizes  were  taken  in  the  Sacramento  River  and  Monterey 
Bay,  and  it  was  evident  that  the  shad  had  begun  to  multiply,  its  increase 
ap  to  1883  being  marvelous.  It  is  most  numerous  on  the  west  coast  in 
San  Francisco  Bay  and  its  tributaries,  where,  contrary  to  its  habits  in 
Atlantic  waters,  it  is  found  throughout  the  year.  It  is  not  common 
above  Sacramento,  owing  to  the  low  water  temperature.  In  the  Col- 
ambiu  it  is  regularly  found  as  far  as  the  Cascades,  about  150  miles  above 
the  month  of  the  river. 
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THE  BUCK  BASSES,  CRAPPIES,  AND  ROCK  BASS. 


DESCRIPTION   OF  THE   FISHES,  COMMON   NAMES,  ETC. 

The  species  treated  of  in  this  cba])ter  are  those  members  of  the 
Centrarchidae  (or  fresh-water  sunfishes)  which  liave  come  nuder  the 
Bcopeoflish-culture,  namely,  the  hirge-month  bhick  bass  {Micropteru^ 
salmoides)^  the  small-mouth  black  bass  {Micropterntf  dolainieu)^  the  rock 
bass  (Ambloplites  rupestrits),  the  crappie  {Pomo.ri«  anntdari9)j  and  the 
calico  bass  (Pomoxis  sparoideti).  Whatever  is  said  of  the  rock  bass  will 
apply  equally  well  to  other  sunfishes,  whieli  might  be  here  considered 
but  which  have  not  been  artificially  reare<i. 

The  principal  phj^sical  characters  of  these  fishes  are  indicated  in  the 
following  key,  which  serves  to  distinguish  the  two  species  of  black  bass 
and  the  two  si)eciea  of  crappie  from  each  other  as  well  as  from  less 
closely  related  species. 

Large-mouth  hlacJi  boss :  Body  comparatively  long,  the  depth  about 
one-third  the  length ;  back  little  elevated;  head  large,  3  to  3^  in  body; 
eye  6  to  (>  in  head ;  mouth  very  large,  the  maxillary  in  adults  extending; 
beyond  eye,  smaller  in  young.  Ten  rows  of  scales  on  the  cheeks;  body 
scales  large,  about  (JS  in  the  lateral  line,  and  7  above  and  16  below  the 
line.  Dorsal  fin  low,  deeply  notclied,  larger  than  anal,  with  10  spines  and 
12  or  13  soft  rays;  anal  with  3  sx)ines  and  10  or  11  rays.  Color  above 
dark-green,  sides  greenish-silvery,  belly  white;  young  with  a  blackish 
band  along  sides  from  operde  to  tail,  the  band  breaking  up  and  growing 
paler  with  age;  caudal  fin  pale  at  base,  white  on  edge  and  black  between; 
older  specimens  almost  uniformly  dull  greenish;  three  (hirk  oblique 
stripes  across  opercle  and  cheek ;  dark  blotch  on  operde. 

8maU-mouth  bind'  bass :  Similar  in  form  to  large  mouth  bass.  Mouth 
smaller,  the  maxillary  terminating  in  front  of  posterior  edge  of  eye, 
except  in  very  old  specimens.  About  17  rows  of  small  scales  on  the 
cheeks;  body  scales  small,  11-74-17.  Dorsal  fin  less  deeply  notched 
than  in  otlier  species,  with  10  spines  and  13  to  15  rays;  anal  with  3 
spines  and  12  or  13  rays.  General  color  dull  golden-green,  belly  white; 
young  with  dark  spots  along  sides  tending  to  form  irregular  vertical 
bars,  but  never  a  lateral  band:  caudal  im  yellowish  at  base,  white  at 
tip,  with  dark  intervening  area;  dorsal  with  bronze  spots  and  dusky 
edge;  three  radiating  bronze  stripes  extending  backward  from  eye; 
dusky  spot  on  point  of  opercle, 

Crappie:  Body  short,  greatly  compressed,  back  much  elevated ;  depth 
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2i  ill  length;  eye  large,  one-fonrth  length  of  bend;  liead  long,  3  in 
length;  profile  with  doable  curve;  month  large,  snout  projecting. 
Scales  on  cheeks  iu  4  or  6  rows;  sealea  in  lateral  line  30  to  iS.  Dorsal 
fill  smaller  than  anal,  with  6  spines  iind  I't  rays,  the  spiuoas  part  the 
shorter;  anal  with  0  spines  and  18  rays;  dorsal  and  aiial  fins  very 
high.  Color  silvery  white  or  olive,  ivith  mottliiigs  of  dark  green ;  the 
markings  mostly  on  tipper  part  of  body  and  tending  lo  form  narrow, 
irregular  vertical  bars;  dorsal  and  caailal  fins  with  dark  markings; 
anal  nearly  plain.  The  fignre  of  this  species  on  the  opjwsite  page  is 
scarcely  typical  in  the  pattern  of  markings. 

Calico  biijts :  Similar  in  form  to  erappie,  bnt  the  body  shorter,  baek 
more  elevated,  and  iiiolile  of  hojid  stralghter;  depth,  one-half  length; 
head  one-third  length;  month  smaller  than  in  erappie;  snout  less  pro- 
jecting. Six  rows  of  scales  on  cheeks,  and  40  Ui  45  along  lateral  line. 
Dorsal  and  anal  fins  higherthan  in  erappie;  dorsal  spines  7  or 8,  rays  1;); 
a&ul  spines  (I,  rays  17  or  18.  Color  light  ailvery-green,  with  dark -green 
irregular  raottlings  over  entire  body;  dorsal,  caudal,  and  anal  tins  with 
dark -olive  reticnlations  surrounding  piUe  areas;  whole  body  sometimes 
with  a  delicate  pink  reflection  (whence  the  name  strawberry  bass). 

I       liock  baas:  Body  oblong,  compressed,  bstck    moderately  elevated; 

I  depth  2  to  2 j  in  length;  head  large,  23  in  length;  eye  very  large,  3J 
in  bead.  Scales  5-39-13,  iu  G  to  8  rows  on  cheeks.  Dorsal  flu  much 
larger  than  anal,  with  11  apinea  and  10  rays;  anal,  with  (i  spines  and 
10  rays.  Opercle  ending  in  two  flat  points;  gillrakers  less  than  10. 
Color  olive-green,  with  brassy  reflections;  yonng  irregularly  barrwl 
and  blotched  with  black;  adult  with  :i  dark  »i>ot  at  base  of  each  scale, 
forming  interrupted  and  inconspicuous  stripes;  a  black  spot  on  opercle; 
anal,  caudal,  and  soft  dorsal  fins  with  dark  mottlings. 

The  most  reliable  character  for  distingnishing  the  large  month  from 
the  small-mouth  bass  is  the  nnmber  of  rows  of  .^('ales  om  the  cheeks. 
The  colors  of  each  species  vary  with  ago  and  tlui  si^e  of  tlie  mouth 
varies  with  the  size  of  the  Ksb,  but  the  scales  are  constant  under  all 
conditions.  With  the  crappies,  the  leailing  difierential  feature  is  the 
number  of  dorsal  spines. 

By  reason  of  their  wide  geographical  range,  the  black  basses  have 
received  a  multiplicity  of  i)opular  names.  The  large-mouth  black  bass 
Is  known  as  Oawego  bass,  lake  bass,  green  bass,  yellow  bass,  moss 
bass,  bayou  bass,  trout,  Jumi>er,  chab,  and  Welshman,  In  tlie  Korth  it 
is  generally  called  black  bass;  in  Virginia  and  North  Carolina  it  is 
usually  designated  as  the  chub,  and  in  Florida  and  the  Southern  States 
it  is  often  called  trout.  The  small  mouth  black  bass  has  received  the 
common  names  of  lake  bass,  brown  bass,  ninny  bass,  hog  bass,  black 
perch  (used  in  the  mouutain  sections  of  Virginia,  Tennessee,  and  North 
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The  calico  bass  has  also  received  the  Dames  of  strawberry  bass,  grt 
basa,  bitter-head,  barflsta,  lamplighter,  goggle-eye,  goggle-eye  pen 
speckled  percb,  and  speckled  trout.  The  crappie  is  kuowD  in  its  nati 
waters  as  crappie,  aew  light,  campbellite,  sac-a-lait,  bachelor,  chioqi 
pin  perch,  croppie,  and  cropet.     On  ncconnt  of  the  similarity  of  t 


lES,  CalUo  Jla»i,  Strairberry  lta»i. 


calico  bas3  and  crappie,  anglers  and  flshcnltnrists  freqnently  confon: 
the  two,  the  common  and  local  namea  often  being  used  intercLangeal 
throaghont  the  regions  to  which  IwtU  are  native. 

Possibly  no  common  name  of  the  blink  bjiss  is  more  a|)propriate  th; 
"jumi)er"  which  is  ap[>]ii'<1  in  rcTtiiiii  iwrts  of  Kentuckv-  U\*v\>SSi« 
t«  capture  them  witb  ii  «eiiic  lias;*^'^  i»  ^^'^  otOLvaav^  \ 
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whcu  tbey  hare  The  vitnlity  luid  aotivily  wliicli  is  usual  when  living  in 
WHter  of  moderate  temiH>ratur«,  aud  in  coIWtitig  brood  stock  it  is  well 
to  USB  a  seine  aboiil  thivp.  (Iidbs  the  dei)tb  of  the  water,  as  tlip  Itag^ng 
of  a  seine  BO  ringed  t-mifuiies  tbe  flsli  and  detei-s  them  from  jumping. 
While  the  black  bass  of  thi'iTolderuortheiu  waters  make  a  tight  worthy 
of  llie  salmou,  they  may  be  taken  front  the  waters  of  the  south  with 
hardly  aslrnggle. 

Bock  basH  are  iixceedingly  pugnscioas,  and  niametimcs  Hcen]  to  take 
the  hook  rattier  ou  thJK  hccouui  than  from  a  desire  fur  food.  They  are 
well  adapted  for  |K>nd  culture,  and  under  projier  conditions  will  repay 
the  ciilturist  in  a  large  crop  of  young  with  the  ex]ienditnre  of  very  little 
labor  and  time. 


inn.  n-lii 

ire  rtesli 

■  watfi-s 

:  but  it 

1  t.i  rcsfi 
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The  i-alico  bass  is  a  fairly  anme  lighter,  and  its 
a  line  lliivor  when  the  lish  is  taken  from  cool,  pni 
very  delicate  fish  to  pro|iagate  artificially.  It  seem 
and  es{)eciaily  when  taken  from  warm  waters  is 
<piick  to  yield  to  attacks  of  fungus,  and  liable  to  b 
Of  targe  numbers  collected  and  tran.splantcit  in  ne 
died  within  a  few  days  after  being  de|iosited. 

The  spawning  and  breeding  habits  of  tlii'  calico  bass  -.nii] 
arc  so  nearly  like  those  of  the  roi'li  bass  tlnit  special  rem 
subject  do  not  appear  ncee.s.sary. 

UIEOWTII    AND    WKIIMII'. 

Tlicrc  is  a  wide  diflerence  in  the  nite  of  growlli.  ami  tliei 
by  wliii'li  Ihe  age  of  a  black  bass  can    he  Uctcrmiiicil   fn 
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the  range  and  space  given  the  fish.  At  the  age  of  5  or  6  months  the 
young  bass  measure  from  4  to  8  inches,  according  to  locality  and  sur- 
roundings, though  a  few  individuals  are  apt  to  run  larger.  In  1892,  at 
Neosho  station,  a  black  bass,  which  was  positively  known  to  be  under 
18  months  old,  weighed  on  the  scales  1  pound  9^  ounces. 

The  large-mouth  bass  have  been  known  to  weigh  23  pounds,  and  a 
6pound  or  8-pound  bass  in  the  southern  tributaries  of  the  Mississippi 
and  in  the  inland  lakes  of  Florida  excites  no  surprise.  The  smHll-mouth 
bass  does  not  grow  so  large,  2J  pounds  probably  exceeding  their  aver- 
age size,  though  they  occasionally  reach  5  or  6  pounds.  The  rock-bass 
fry  grow  slowly,  those  6  months  old  seldom  averaging  2  inches  in  length. 
The  adult  usually  weighs  from  i  to  J  pound,  occasionally  reaching  1 
pound;  and  examples  have  been  recorded  as  high  as  3  pounds. 

The  crappie  and  the  strawberry  bass  will,  as  a  rule,  not  exceed  1 
pound  in  weight,  though  in  Missouri  the  former  has  been  taken  as  high 
as  3  pounds.  With  similar  environments,  at  6  months  old  the  young 
of  both  these  species  are  about  the  size  of  black-bass  fry  of  the  same 
age,  possibly  a  little  smaller.  Each  school  will  have  a  few  individuals 
much  larger  than  the  majority. 

NATURAL   HABITAT   AND   DISTRIBUTION. 

The  large-mouth  and  small-mouth  black  basses  are  widely  distrib- 
uted. The  large-mouth  is  indigenous  from  the  Great  Lakes  and  the  Red 
River  of  the  North  to  Florida,  Texas,  and  Mexico,  and  west  to  the  Dako- 
tas,  Nebraska,  and  Kansas.  The  small-mouth  bass  ranged  formerly 
frt)m  Lake  Champlaiu  to  Manitoba,  and  southward  on  both  sides  of  the 
Alleghenies  to  South  Carolina  and  Arkansas.  The  adaptability  of  these 
fish  to  extremes  of  temperature  and  their  great  tenacity  of  life  under 
seemingly  adverse  conditions  have  made  their  distribution  compara- 
tively easy,  and  they  have  been  successfully  introduced  into  nearly  all 
the  sections  of  the  United  States  to  which  they  were  not  native,  and 
into  England,  France,  Germany,  and  Finland.  They  have  been  planted 
in  California,  Washington,  Utah,  and  other  Western  States  by  the  U.  S. 
Fish  Commission.  In  three  years  they  became  so  numerous  in  Utah 
that  30,0(H)  pounds  were  caught  and  marketed  from  one  lake. 

Two  notable  early  instances  of  the  successful  transplanting  of  black 
bass  in  a  primitive  way  may  be  mentioned,  the  lish  being  transferred  in 
the  tender  of  a  locomotive — once  in  1853,  when  the  Potomac  was  stocked, 
and  again  in  1875,  when,  under  the  direction  of  the  Commissioner  of 
Fisheries  of  Virf»:inia,  adult  black  bass  were  removed  from  the  Roanoke 
River  across  the  divide  to  the  New  River,  a  tributary  of  the  Kanawha. 
Up  to  1875  the  Kanawha  contained  no  bass,  and  its  edible  fishes  con- 
sisted almost  entirely  of  cattish,  but  for  the  past  ten  or  a  dozen  years 
thousands  of  bass  have  been  taken  from  New  River  and  its  numerous 
tributaries,  draining  ten  counties  of  Virginia  and  running  through 
parts  of  North  Carolina  and  West  Virginia.  New  River  was  also  bh^ 
cesstully  stocked  with  rock  bass  by  the  Virginia  Fish  Commissioo 
fish  being  brought  from  Holston  lUver,  a  ttvbuX;^!^  oi XXi^'^^^:^^* 
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Wa-tbiDgton  County,  Virginia,  iu  Judc.  LST6,  aud  dejiosit«d  in  the 
BEQiiller  tributarieti  of  New  Kiver,  in  Montgomery  Couaty,  Virgiuia, 
whenie  tbey  Lave  colonized  tLe  entire  New  Eiver  basin. 

Fi'w  fisli  tbrive  in  waterof  such  extremes  of  temperature  as  the  large- 
nioiith  black  bass,  and,  to  some  extent,  the  small- month.  The  former 
aru  found  in  water  covered  with  ice  aud  in  that  standing  at  IDO'^  F. ;  bat 
with  both  si^eties  sadden  cbaoges  of  temi>6ratnre  are  apt  to  prove  fatal. 

The  smallnioath  black  bass  seeks  pnre,  nipid,  fairly  clear  streAoia, 
and  livt!i!  at  higher  elevations  and  in  clearer  waters  than  the  large- 
month.  Iu  the  northern  part  of  its  range  it  becomes  torii'd  '"  winter, 
bat  in  the  wanner  waters  of  theBoath  it  is  active  throughout  the  year. 
The  large-month  black  bass  also  likes  pare,  clear  wat«r,  but  often 
inhabits  the  hot  and  stagnant  bayons  and  ponds  of  the  South.  It  b.is 
been  seeu  in  great  nambers  under  conditions  of  high  temi>eratare  and 
muddy  water  which  wonld  ordinarily  l»e  fatal  to  all  forms  of  aiiaatic 
life  except  of  a  very  low  order.  Many  die  iu  such  cases,  but  numbers 
live  for  mouths  ana  some  iiossibly  for  years.  Those  from  hut,  stiignaat 
waters,  however,  have  a  sod,  flabby  tiesh,  and  are  apt  to  be  infested 
with  pura«it««;  tbey  Kpoil  i[uickly  aud  are  not  palatable.  They  do  not 
voluntarily  seek  such  iiofavorablo  surronndings,  their  presence  there 
being  attributable  to  aecident.  The  bass  thus  found  iu  the  Mississippi 
Valley  have  been  left  by  spring  freshets,  and, failing  to  go  out  with  the 
slowly  receding  waters,  they  reproduce  in  great  numbers  iu  the  pouds 
and  lakes  temporarily  formed  in  depressions  of  the  land.  Tlie  neigh- 
boring areas  are  usually  either  rich  alluvial  meadows  or  swampy  forests, 
from  which  the  receding  water  drains  an  infinite  i|uantity  of  natural 
f(M>d  for  the  sustenance  of  the  fish  retjiincd  in  the  temporary  ponds. 

The  rock  bass  is  indigenous  to  the  (ireat  Lakes  region  ;uid  Missis- 
sippi Valley,  and  there  is  evidence  to  show  that  it  is  native  to  certain 
streams  on  the  east  side  of  tlie  Alleglianiea.  It  has  been  successfully 
introduced  into  many  new  waters.  In  its  native  waters  it  is  found  in 
the  winter  months  under  ice,  yet  it  stands  a  high  summer  tcTtiperature, 
though  not  80  great  as  the  black  bass.  The  highest  temperature  to 
which  it  has  been  subjected  at  Neosho  is  88°.  In  transpurtation  this 
species  seems  to  suft'er  from  change  of  temperature  as  quickly  as  the 
black  bass,  with  possibly  this  difference,  that  while  the  black  bass 
seems  to  be  more  quickly  and  fatally  affected  by  a  change  from  high  to 
low  teuqieraturc,  the  opposite  change  more  quickly  and  injuriously 
affects  the  rock  bass.  Though  sometimes  found  iu  muddy  bayous  and 
in  waters  .stained  by  decaying  vegetation,  the  rock  bass  thrives  better 
in  clear,  pure  waters  well  stocked  with  aquatic  plants. 

The  natural  habitat  of  the  calico  hass  is  the  (ireat  Lakes  region,  the 
entire  Mississippi  Valley  south  to  Louisiana,  and  the  streams  of  the 
Carolinas  aiul  Georgia  east  of  the  Alleghanies,  while  its  clo.se  kin,  the 
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NATURAL   FOOD,    KTC. 

The  natural  food  of  the  black  basses  varies  greatly  and  is  innuciiiced 
by  the  spawuiDg  seasoii,  character  and  temperature  of  the  water,  and 
the  weather.  The  adalts  are  voracious  and  ])ugnacious,  and  devour 
other  tish  altncist  indiscrinunately :  their  food  comprises  crawfish, 
minnows,  frogs,  ta<lpoles,  worms,  and  mussels,  while  the  young  f<»<'<l  on 
insects  and  other  minute  forms  of  life  found  in  water. 

At  times  both  the  large-mouth  and  tlie  small-mouth  bass  n?t'us<»  the 
most  tempting  bait,  and  at  other  times  tiiey  bit*'  greculily  at  almost 
everything.  Various  kinds  of  animals  of  a  suitable  size,  evcMi  rats  and 
snakes,  and  many  varieties  of  vegetables,  have  been  found  in  their 
stomaehs,  and  in  a  wild  state  under  some  conditions  they  devour  almost 
anything  moving  in  or  immediately  over  the  surfa<M;  of  the  wat<;r. 

The  black  basses  aftbrd  perhaps  the  highest  type  among  fishes  of 
parentid  care  and  watchfulness,  guarding  their  young  until  after  the 
dispersal  of  the  school  of  fry;  but  many  of  th(»,  young,  so  zcjalously 
protected  early  in  the  season,  subseriuently  furnish  food  for  adult  b;iss, 
possibly  their  own  progenitors.  As  with  trout,  bass  of  the  sam<*.  srhool 
of  young  vary  in  size,  and  the  larger  i)rey  nn-rcilessly  on  the.  weakrr,  often 
attacking  their  own  kind,  even  when  other  natural  food  is  abundant. 

COMMERCIAL    IMI'OIiTANCK. 

The  market  value  to  the  fishermen  of  the  blink  bass  taken  in  the 
United  States  amounts  to  about  A1.'^(M)00  annually,  a  sum  repres<Mit- 
ingover  2,()00,0(K)  pounds  of  fish.  A  lar;;<j  part  of  tlH»  bass  caught, 
however, never  reaches  the  market. being  consumed  byanglers  and  their 
friends.  The  indirect  value  of  bass  fishing  to  rural  districts,  in  the 
expenditures  of  visiting  sportsmen  for  boats,  guides,  teams,  supplies, 
and  accommodations,  is  very  great. 

Ten  years  ago  it  was  said  that  black  bass  did  not  exist  in  sutliciently 
large  numbers  to  ever  becoine  a  staple  auticie  of  fo<K],  but  they  now 
furnish  important  additions  to  the  food  supj)ly  of  many  thousands  of 
people.  The  annual  sales  in  New  Vork  ility  are  estimateii  t<»  be  at 
least  50,00()  pounds,  with  an  average  value  of  10  cents  per  pound. 
The  States  in  which  the  black  bass  fishery  is  ni(»st  imporrani  are 
North  Carolina  and  Ohio;  in  1>07,  over  .'..{."ijMK)  pounds,  valued  at 
$23,6<K),  were  caught  for  market  in  Xoith  Tarolina:  in  Dliio,  nearly 
300,000  pounds,  worth  over  :'l'l',0OO,  were  taken.  Otlur  v">l.iie^.  in 
which  there  is  an  annual  yiehl  of  over  KmMMM)  jionnds,  are  Aruan^-as. 
Florida,  Minnesota,  Mis.souri,  and  Xcw  York,  and  in  aboai  ;\xe:  ;y 
other  States  this  fish  is  of  some  commercial  im])ortanee.  The  r.shi  i  :i  en 
of  Illinois  ship  nearly  "jO  tons  of  black  bass  to  the  markets  aiinna51\. 

The  annual  catch  ofcrajiiiie  fur  market,  aivord in;::  to  leceni  Nta[i«. 
tics,  is  alH»ut  .S.jU,(mM)  ]M)unds,  having  a  tirst   value   ot'  ^  ;i>,iMH». 
leading  States  in    this   tishery  are  Arkansas.  lllinoi>,  Minnosotii. 
souri,  and  Tennessee,  the  thn-e  lirst  named  producintr  ••  '     ' ' 

yearly  yield.    Tlie  market  value  ut'  the  rock  bass  is 
are  generally  eon.sidcied  better  toodUsU  WuvutbM 
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mnirh  more  largely  into  commerce.  As  witli  binck  bass,  »  vexy  lapge 
Iiert'entBge  of  the  <;;it^;h  of  crapitiex,  lYK'k  bass,  am)  i^unQshesdoea  not 
reach  the  niarketa. 

LIMITATIONS   OF    BASS-CULTUEE. 

Unlike  the  wha^l  and  salmon,  tlie  artificial  proimKatiou  of  black  baas, 
by  taking  and  impregnating  the  eggs,  has  not  been,  up  to  the  present 
time,  practically  successful.  The  eggs  can  only  be  8tripp<!d  with  great 
difltciilty,  and  it  has  been  necessary  to  kill  tbe  male  to  obtain  the  milL 
Another  obstacle  is  tbe  difflcnlty  of  obtaining  eggs  and  mUtattbe 
same  time,  even  when  the  fish  are  taken  from  over  the  neats  aiipareDtly 
in  the  iict  of  spawning.  Interruption  or  handling  seems  to  prevent  tbe 
(liijcharge  of  eggs  or  milt.  At  Neosho  unsucceflBful  efforts  were  made 
daily  for  several  we«ks  to  spawn  ii  female  black  bastj  which  was  so  near 
the  point  of  spawning  that  when  held  head  downward  the  eggs  coald  be 
seen  to  roll  forward  toward  the  head,  and  when  revered  to  drop  in  the 
opposite  di recti ou. 

Since  a  practicable  way  to  artificially  impregnate  the  egga  of  the 
bass  has  not  yet  been  developed,  and  tbe  handling  of  eggs  with  indoor 
apparatus  is  impossible,  it  is  fortaiiate  that  the  nittnnil  impregnatioD 
of  these  fishes  reaches  a  pereentage  closely  approximating  that  wbicb 
ttsh  cuUuriMts  have  hern  alile  to  seenre  by  artilicial  means  from  other 
Species,  and  also  that  tbe  parental  instinct  is  unusually  developed. 
The  first  conditions  make  pond-rnltnre  necessary,  and  tlio  second  render 
it  i«>ssible.  The  inethi)d.s  lu'reaCter  desiTJbed  iire  tlio.^c  in  iisi>  nt 
Neosho  station. 

AKTIFICIAI,    l-O.Nl)S, 

The  size  of  spawning-ponds  for  rearin;;  buss  deprtids  l;iry:i-ly  im  tlic 
amount  of  land  available,  its  topography,  and  the  water  supply. 
I'onds  not  less  than  ^  acre  in  area,  witli  the  iiili-t  at  nnc  I'tid  and  tlio 
outlet  lit  the  other  in  the  line  of  the  longest  axis.  -;en. ■rally  i.ioduce 
the  best  results,  though  smaller  ponds  have  liet'U  siiecesstully  used. 

At  least  one-fonrth  of  the  pond  sliould  be  not  "ver  I  liiot  in  ileiitlj, 
and  this  portion  should  bo  planted  with  jiond weed  [l'oi<niii<ij<:loi<)  anil 
water- weed  (/'/'"(eaor-binr/irtrp's)  to  facilitate  the  piod  net  uni  ami  growth 
of  the  minute  aninmls  which  fnrnish  so  lartre  w  pail  .if  tlie  l.ini)  [or  tiie 
yonng  liass.  The  rest  of  the  jmhhI  simiild  liave  a  f^radnally  slojiing 
bottom  and  a  conseinient  increase  of  ileptli  to  the  kettle  (or  .hiiw-oH), 
where  the  water  mnst  be  at  least  from  ;■»  to  >>  feet  dee)!  tor  the  warm 
Southern  State.s,  and  S  to  10  feet  deep  lor  the  N.Jitliei  ii  Stales,  to  pro- 
vide a<:ai]ist  the  danger  of  freezing,  hi  the  niiddle  (bird  of  the  pond 
■aterliJiu 
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torn  enemies  end  to  ^odaee  At  gieeteft  qnantxcT  of  iiueec  lifc  suited 
to  yieir  eoefanenetii  end  Vbm  i§  better  sictrompfii^licd  vich  a  auAber  of 
Misll  ponde  then  with  one  hrge  one.  A  ^wd  wi>rkin;  S2e  i<  fr«>in  40 
to  flO  fcet  Iimg  by  12  to  15  foct  wide,  with  a  depth  -^f  tirom  :^f  to  36  indwe 
fv  fhe  ^^ketOeu"  Where  the  topography  of  the  groand  will  permit,  it 
is  beet  to  have  the  nnraeries  immfidiately  atljoininz  the  spcivning-poDd, 
with  the  water  supply  fnm  the  same  aoorctr.  «o  that  there  will  b^  bat 
sGgbt  difTerenee  between  the  temperature  of  th«;  «UaIIowest  part  oi  the 
■nreery-pond  and  the  snr&ce  water  of  the  ••:her. 

The  young  large-mouth  bass  is  nor  si  strong  t<h,  and  earreats  in  the 
spuwnmg  and  nursery  ponds  should  be  avoided  for  ^>me  time  after  the 
spawning  period. 

If  the  loealitj  is  infested  with  erawdAb.  it  is  ad\i9able  t«.»  iiile  or  other- 
protect  the  banks;  and  the  entrance  of  snakes.  fn:»;;s.  and  sneh 
may  be  prevented  by  surrounding  tbe  fHjud  wirb  finely  woven 
sereenSy  or,  better  yet,  boards  let  into  tbe  eartb  a  tew  inrbes  and  pn>- 
JeetingaboYethe  ground.  The  pond  sb«»ald  be  supplied  with  the  aiiaatic 
plaoto  preyionsly  mentioned  as  desirable  for  tbe  sballow  parts  ot  tbe 
apuwning-pond. 

▲  spawning  and  nursery  pond  may  be  combiue«l  by  constructing:  one 
eomparatively  long  pond,  narrow  near  tbe  middle,  x.»  that  tbe  general 
shape  will  be  like  a  dumbbell  with  a  very  sbort  handle.  Across  tbe 
narrow  part  is  to  be  stretched  a  screen  of  «»ne-fuurtb  inch  wire  cloth, 
wluch  wiUeonflne  the  spawners  to  tbe  deeper  eutl  of  tlie  i>ond.  wliile 
the  ftjy  following  their  instinct  of  moving  upstream,  will  rind  their  way 
through  the  screen  into  tbe  upper  shallower  end.  This  form  of  iK)ud  is 
advantageous  where  for  any  reason  only  a  few  ponds  can  be  built. 

In  addition  to  the  nursery  ponds,  tanks  C  feet  wide  and  10  t*)  12  fcet 
long  and  5  feet  deep,  made  of  cement  and  brirk,  or  wood,  should  be 
provided  for  holding  the  fish  preparatory  to  shipment  during  the  fall, 
and  axe  also  very  convenient  for  handling  the  fry  when  they  :ire  bcin^ 
transferred  from  the  spawning  to  the  nursery  ponds  prior  to  bcin^ 
assorted  as  to  size.  At  Xeosho,  where  the  fry  are  removed  tVom  the 
spawning-ponds  ata  very  early  sta^e,  they  are  held  in  troughs  similar  to 
those  in  general  use  for  trout  culture.  A  trou<;h  11  feet  lon^  with  4  inches 
depth  of  water  at  67°,  chaujrin^  2  fjaHons  ]>er  minute,  will  support  from 
3,000  to  5,000  very  young  fry,  and  twice  or  three  times  as  many  n)ck  bass 
will  live  comfortably  under  like  conditions.  The  same  general  can> 
and  cleaning  usually  given  to  troughs  containintr  trout  fry  is  necessary 
in  cidtivating  bass.  The  trou<>:h  should  be  swept  down  twice  a  day  and 
occasionally  washed  inside  with  a  cloth,  and  the  water  sup]>ly,  iunuluits^ 
and  outlets  frequently  examined  and  kept  clear  and  clean. 

The  young  bass  is  able  to  stand  any  tem])erature  to  which  the  sun 
raises  the  water  of  the  nursery;  those  hatched  in  water  at  5(P  F.  will 
thrive  two  months  later  with  the  temperature  at  80^.  HuMmikh  f^rown 
iu  a  vei^  hig^h  temperature  are  exceedingly  tender^  and  can  not  be 
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haii(l)e<l  and  trausporttnl  until  tlic  uiiiiroach  of  fall  ati<I  winter  baa 
gradually  reduced  th»  ti'mperaturv  and  ttins  linnleiietl  them;  tli4^y  tire 
also  more  liable  to  atlaoks  of  panisitos,  both  exteriint  uud  Jiitomal. 
While  bass  can  live  in  water  ranging  from  33^  to  98®,  iuor«  moderate 
Ifmits  are  desirable.  The  Ot/clop»  and  some  other  of  the  natural  forms 
of  food  for  young  basa  reprodnce  beat  at  a  tennierature  between  68^and 
70-,  and  can  not  resist  Uighur  I.lian  95'-^. 

(TABE   OF   PONDS, 

It  is  desirable  that  the  ponds  nfaould  be  "wintered"  ea<:h  year — that 
i«,  entirely  drawn  off  in  the  autumn,  thnn  leaving  the  1>edH  exposed  to 
the  i-ombine<l  action  of  sun,  winds,  and  fVost.  This  tendx  to  kill  out 
the  larvie  of  thtt  larger  aiinatio  insects  {dragon  Hies,  beetlet),  etc.),  and 
to  increase  the  following  season's  snitply  of  small  crnstaoea,  which  fur- 
nish an  imiwrtant  element  of  food  to  the  young  bass.  This  purifying 
process  can  be  assisted  by  the  free  use  of  quicklime  droppwl  into  the 
crawfish  holes.  There  is  no  danger  of  the  lime  injuring  the  lish  th9 
following  year,  and  the  limowater  pnrilieM  the  pond  bed,  iK-sidcit  killing 
the  crawfish  and  the  like. 

The  accnninlated  decayed  matter  ought  to  be  occasionally  removed, 
the  frequency  for  this  depending  on  the  cbara<!t«r  of  the  water  supply, 
the  amount  of  silt  it  brings  into  the  pond,  the  character  of  the  soil,  and 
on  the  thorouglmoss  of  the  yearly  removal  of  the  surplus  vegetation. 
Scraping  hirge  ponds  and  hauling  the  accuiuulate<l  niui-k  involve  cdq- 
sidprnble  hibor  iiiid  expense,  possibly  more  than  the  yii'ld  ol'  the  pond 
warrants,  and  in  some  cuses  it  is  advisable,  once  in  four  or  live  years, 
to  lay  the  iiond  hare  for  an  entire  year  and  cultivate  it  in  [ii'iis  or  some 
other  deep-rooted  vegetable. 

While  abundant  pond  vegetation  is  favorable  to  a  large  production 
of  fry,  it  is  sometimes  so  luxuri:iut  that  it  settles  down  in  a  blanket-like 
mass  and  smothers  many  of  (he  young  fish.  I'nder  such  circninstancea 
it  should  be  removed  some  time  in  advance  of  lowering  the  pond  level, 
and  duiing  the  process  shoulil  be  carefully  picked  ovi*r.  us  some  of  the 
fry  will  bo  found  among  it.  Wading  into  the  pond  h'iives  the  bottom 
tracked  with  deep  footprints,  which,  as  the  water  recedeK,  catch  and 
retain  many  of  the  young  lishes,  most  of  which  die  in  a  short  liiuu.  To 
avoid  this  a  strong  but  lightly  built  flatboat  is  naeti,  which  (■;iu  eusilybe 
moved  from  pond  to  pond,  as  needed.  At  each  end  of  the  boat  is  a  ring, 
through  which  a  stake  is  driven  at  the  point  in  the  poml  to  be  worked. 
The  vegetation  is  niked  from  the  water  in  small  lots,  and  unloaded  on 
the  banks  with  a  pitchfork,  ft  should  be  promptly  removed  from  the 
bank,  as  it  will  rot  very  fast  and  its  presence  is  object  ion  able.  At  the 
Texas  station,  where  tlio  vegetation  is  very  luxuriant,  it  is  hanied  to 
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NESTS  AND  NEST-BUILDING. 


Wheuever  the  spawning  period  occurs,  whether  early  or  late,  ample 
warning  is  given  by  the  preparation  of  the  nests,  which  are  built  by  the 
mated  fish,  sometimes  working  iu  company  and  sometimes  separately. 
In  the  Great  Lakes  region  and  the  North  and  Middle  Atlantic  States  the 
nests  are  ordinarily  built  of  gravel,  brushed  into  neat  circular  piles  18 
to  36  inches  in  diameter,  and  are  usually  found  in  water  from  18  to  36 
inches  deep,  though  not  infrequently  in  much  deeper  water  and  some- 
times in  water  less  than  a  foot  in  depth. 

In  the  proper  preparation  of  the  newly-built  spawning-pond  clean 
gravel,  ranging  in  si/e  from  a  buckshot  to  a  hickory  nut,  is  arranged  in 
small  flat  heaps  about  4  to  0  feet  from  the  banks,  as  soon  as  the  ice  is 
off  in  the  spring,  in  advance  of  the  spawning  season,  and,  if  well 
located,  it  can  be  used  through  several  seasons  and  more  than  once  in 
the  same  season.  Gravel  probably  ]>ossesses  no  advantage  of  itself 
over  a  hard-cLiy  l)ed  exc/cpt  that  it  presents  more  surface  within  a  given 
area  for  the  eggs  to  attach  themselves  to. 

The  fish  clean  the  gravel  with  the  caudal  lin  and  tail  until  it  is  as 
bright  as  if  every  particle  had  been  polished  with  a  brush,  often  using 
the  head  and  mouth  to  remove  the  larger  stones  from  the  nest.  Some 
bass  build  several  nests  in  a  season  and  are  compelled  to  remove  a 
comparatively  large  quantity  of  rough  and  jagged  material,  yet  very 
few  wounded  or  abraded  bass  are  captured.  At  Neosho  the  same  bass 
have  been  observed  at  nest-building  for  seven  years  without  showing 
a  torn  or  worn  caudal  or  anal  fm.  Trout,  on  the  contrary,  wear  their 
caudal  fins  and  tails  to  the  very  bone,  in  their  efforts,  and  often  die  in 
consequence.  In  the  Mississippi  Valley,  in  Texas,  and  throughout 
the  Southern  States,  the  blac^k  bass  deposit  their  eggs  on  the  clay  or 
mad,  and  rarely  use  gravel.  At  the  Texas  station,  where  gravel  nests 
were  placed  iu  the  ponds  they  were  seldom  or  never  used. 

The  proximity  of  the  nests  to  each  other  depends  on  the  size  of  the 
pond  and  the  number  of  fish.  They  are  sometimes  less  than  5  feet 
apart,  and  in  a  spawning  pond  of  the  Michigan  Fish  Commission, 
having  only  108  square  feet  of  surface  and  containing  30  adult  fish, 
there  were  8  nests.  If  the  nests  are  near  the  banks,  in  water  from  18 
to  36  inches  deep,  the  entire  process  of  spawning  and  incubation  is 
easily  observed.  The  larger  fish  are  apt  to  select  deeper  water,  but 
they  have  been  known  to  decline  a  clean  lot  of  gravel,  in  water  3  feet 
deep  and  8  feet  away  from  the  embankment  of  the  pond,  to  build  a  nest 
on  the  naked  clay  bottom  within  reach  of  the  bank,  on  which  people 
were  passing  almost  every  hour.  Nesting  bass  should  have  seclusion, 
although  those  reared  in  (captivity  probably  fail  to  notice  minor  disturb- 
ances at  the  time  of  spawning  which  would  at  other  times  ahirm  them. 

Shade  is  important,  for,  although  bass  sometimes  buihl  nests  where 
there  is  no  shade,  in  most  instances  they  select  phices  under  over- 
hanging grasses,  lily-pads,  stumps,  and  logs. 

From  the  time  the  bass  commence  nest  building  tUe^  v\^\ifc\\vVvv\\V Vvss^ 
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the  i)Oiii1  and  its  ttonteuts  under  conRtarit  Hiir  veil  lance  iiiid  maintnitis  a 
close  watoli  Tor  tiishlian-ks  nod  henius.  A.  record  is  kept,  nt!  nearly  as 
practicable,  of  tlie  date  when  esicli  lot  of  cRga  is  laid,  so  tliat  it  may 
be  known  when  to  ex])ect  the  pmug  to  bat^b. 

Artificial  uestn  for  baas  Lave  been  used  at  one  or  two  Btations,  as  an 
exi>eritnent,  but  have  been  abaudoned  except  for  rock  bass  at  Wythe- 
ville,  Va.  The  iiest  is  a  wooden  bos  about  '20  imhea  square,  with  sides 
3  inches  highand  slightly  flaring  outward.  Cleata  are  nailed  on  the 
side  for  convenience  in  handling.  Coarse  gravel  is  i>la«e<l  in  the  bottom 
of  the  box  and  the  remaining  space  is  filled  with  fine  gravel,  flush  with 
the  top  of  the  box.     The  toji  layer  is  sufficiently  fine  not  to  allow  the 

js  to  fall  through  the  spaces  and  mis  with  the  large  gravel  under- 
neath. The  nest,  thus  complete<l.  is  placed  in  au  excavation  with  the 
upper  edge  oven  with  the  bottom  of  the  pond.  A  stahe  is  driven  near 
the  netft  and  a  board  fastened  to  it.  to  afford  seclusion  and  protection 
from  tlio  mm  and  enemies. 

BB<)OI»-F!8H. 

WheneviT  procurable,  domesticated  fish  are  to  be  preferred  to  wild 
fleli  for  stocking  the  bruetlingponds,  as  they  are  less  liable  to  injury 
fn  handling  and  transportation.  A  disrupted  scale,  lucerateil  fin,  or  a 
bruise  on  head  or  body  frequently  causes  the  death  of  wild  bass,  and 
'-  their  native  snrroundings  are  such  that  it  is  difficult  to  collect  any 
considerable  number  of  Ihei'i.  Moreover,  adult  fish  captured  from 
tbeir  native  waters  frequently  fail  to  spawn  in  the  year  or  season  in 
which  ca|)tured,  on  account  of  fright. 

Bass  not  over  2  or  I'i  pounds  are  recommendeil  if  the  work  is  carried 
on  in  ponds  which  are  lo  be  frequently  drawn  ofl".  but  larger  fish  can 
be  used  advantageously  if  they  are  tobelmt  rarely  transferred  toother 
ponds.  Very  large  ba,s8  are  more  liable  to  injury  when  the  ponds  are 
drawn  and  the  fish  transferred,  as  they  are  more  difficult  to  handle 
safely,  and  bruise  and  injure  themselves  in  the  tubs.  Males  and  females 
should  be  in  equal  proportion,  as  an  excels  of  males  may  prove  a  dis- 
turbing element  at  spawning  time  and  later  in  the  season  may  cause  a 
loss  by  preyinfi  ou  the  fry.  The  sexes  of  the  black  bass  are  not  as 
easily  distinguishable  as  of  the  trout.  The  number  of  adult  fish  for 
breeding-])ouds  depends  upon  the  food  supply.  For  several  years  past 
at  Neosho  an  average  of  :10  breeding  baas  to  the  acre  of  water  has  l>eeit 
allowed,  but  that  number  might  be  increased. 

Sl'AWNINi;    UAlllTS. 

When  the  i-ests  are  prepared  and  the  spawning  time  arrives,  the 
parent  fish — especially  the  male — show  considerable  excitement  and 
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a  miuute  or  less.  Tbe  eggs,  when  laid,  are  viscid,  and  as  soon  as  voided 
and  impregnated  attach  themselves  to  the  floor  of  the  nest.  Then 
commences  a  parental  watchfulness  worthy  of  imitation  on  the  part  of 
some  higher  animals,  one  fish  hovering  immediately  over  the  nest  and 
maintaining  a  gentle  motion  of  the  fins  for  the  purpose  of  keeping  the 
eggs  free  from  sediment,  and  the  other  acting  as  an  outer  sentinel, 
patrolling  8  or  10  feet  away.  Both  male  and  female  show  great  courage 
when  guarding  their  eggs  and  young  fry.  A  rock  bass  has  been  seen 
to  leap  entirely  out  of  the  water  to  bite  viciously  at  an  attendants  hand 
when  moving  aside  the  grasses  sheltering  the  nest,  and  a  black  bass 
when  guarding  its  nest  has  been  known  to  attack  and  kill  a  snake  three 
times  its  own  length.  The  brightness  of  the  nest  makes  the  parent  on 
guard  easily  distinguishable  by  enemies,  like  the  fishhawk  and  eagle, 
but  this  danger  may  be  materially  lessened  by  planting  the  broader-leaf 
water-lilies  near  the  nests,  to  afford  shelter  when  in  danger. 

Black  bass  begin  to  spawn  in  the  northern  part  of  the  United  States 
about  the  middle  of  May,  while  farther  south  the  season  commences  as 
early  as  March,  and  in  all  localities  it  is  later  in  deep  than  in  shallow 
waters.  In  the  far  South,  in  waters  uniformly  warm,  the  spawning 
time  may  not  depend  entirely  on  the  seasons.  The  period  lasts  about 
two  months.  Many,  if  not  all,  discharge  only  a  part  of  their  eggs  at 
one  spawning.  The  maturation  of  the  entire  ovaries  is  never  fully 
completed  at  one  time,  but  the  ripening  is  prolonged  and  the  spawning 
done  at  intervals.  As  far  north  as  southern  Missouri  and  Illinois, 
black  bass  frequently  spawn  in  the  season  following  the  spring  when 
they  are  hatched,  but  this  is  not  always  the  case;  and*  farther  north 
maturity  comes  later  in  life.  Bass  (continue  to  yield  eggs  for  a  number 
of  years,  and  some  have  been  held  in  the  brood  ponds  at  Neosho  which 
were  adults  when  first  taken  to  the  station  and  continued  productive 
for  as  much  as  seven  years. 

Bock  bass  have  been  known  to  produce  two  separate  broods  within 
one  season  as  far  north  as  southern  Missouri,  and  this  is  probably  true 
of  some  of  the  other  basses.    At  Neosho  they  spawn  when  one  year  old. 

EGGS    AND   FEY. 

The  eggs  ditter  greatly  in  number  and  size,  according  to  the  age  and 
size  of  the  fish,  varying  generally  from  2,000  to  10,000  per  fish  and  from 
80,000  to  100,000  ])er  quart;  17,000  eggs  have  been  found  in  a  large- 
mouth  black  bass  weighing  2J  pounds,  a  little  less  than  7,Oi50  to  the 
pound  of  fish;  but  on  another  occasion  a  careful  count  of  the  mature 
eggs  showed  only  2,674  to  the  pound  of  fish.  Wide  discrepancies  in 
the  figures  may  sometimes  result  from  different  methods  of  counting,  as 
in  rejecting  or  counting  small  eggs  which  are  commencing  their  matur- 
ation for  the  next  productinn.  The  rock  bass  e^g  is  fully  three  times  as 
large  as  that  of  the  black  bass,  and  the  fry  are  correspondingly  large. 

The  varying  factor  of  initial  vitality  and  the  impossibility  of  equal- 
izing the  intensity  of  sunlight  render  it  impossible  to  determine  pre- 
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cicely  tlie  period  of  iucnbatioa  of  nny  eggs  treated  in  poud  t-xiltx 
Witb  some  kinds,  under  extreme  teiniieratures  and  other  1es.s  nnd^ 
stood  factoFB,  wide  variations  are  fouud.   B»S8  egg^  require  frotti  7 
to  ;f  weeka  for  hatching,  but  usually  from  8  to  10  days — depeadi^ 
mostly  on  the  temperatnro  of  the  water.     Bggs  artificially  imi>ri;,Tiate 
in  an  experimental  way,  hatch  in  from  70  hours  to  4  days  at  m 
tnre  of  113'^  F.,  or  goniewhat  over. 
Wli«u  the  fVy  leave  the  eggs,  they  remain  on  the  nest  till  the  8ac| 
I  Absorbed,  this  deitendioK,  a.s  with  other  fishes,  on  the  i>eriod  of  i&ci 
I  batiou,  uiodiRed  by  the  teniperatnre  or  condition  of  the  iitmo^bei 
I   asually  a  fifth  less  time  tjeing  rer]uired  toabsorb  the  sac  than  ffir  liittcbinj 
the  eggs.     When  the  sac  is  absorbed,  the  fry  rise  and  form  :i  schoc 
I  vhicb  hovers  over  the  neet  usually  from  2  to  4  days,  settling  liack  a 
I   Dight,  except  in  extremely  warm  weather,  when  they  may  siatter  in  i 
r  few  hours.    A  sadden  fait  of  temperature  may  cause  the  sclio 
'  back  and  remain  a  day  or  two  longer  on  the  uest.    The  tactics  of  thi 
I  parents  change  and  they  no  louger  stand  guard  over  the  nest,  but  C 
around  the  school,  whipping  bac^k  truants  and  drivinir  oil'  intrndea 
When  the  school  riseM  and  hunger  begins  to  be  felt,  the  fry  sepan 
f  and  are  driven  for  protection,  by  thi>  parent  fish,  into  shoal  water  a 
into  the  thick  graB,->os;  there  theynro  deserted,  ami  dispi'rsiug  tlioyseekj 
rite  crnstarcii,  larviv,  and  insects.     The  brood  bass  should  theitl 
'  be  i-(iiu>vcil   fi"(ii  till'  s|i:i\viiinf,'  ponds  to  other  ponds,  or  ccmlined   in  1 
compartments  in  the  same  pond,  so  that  they  can  not  prey  on  the  fry. 
For  tiie  first  three  to  five  days  black-bass  fry  do  not  average  one- 
fourtli  inch  in  length  and  arc  iilmosi  colorless,  until  tlie  pif^incnt  forms 
along  the  back,  m;ikiiig  them  appear  iiuite  dark  when   ^icwnl  linni 
above,  though  it  is  difficult  to  distinguish  the  color  ol'  ;in  imliviilnal 
fish  when  caught  on  a  net  of  bolting-clnth. 

Very  young  rock  bass  seem  occa.sionally  to  attach  tlu-niHclvi-s  u>  the 
sides  and  bottom  of  the  nests  and  to  submerged  plants.  This  ;icti<)ri 
has  not  been  noticed  with  bhick  bass,  possibly  liecanse  Ihcir  riesi.s, 
being  in  deei>er  water,  are  more  diflicult  of  observation. 

FOOD   OP   THE    yOUN<i. 

Just  how  much  food  to  give  biiss  fry  is  as  diflicult  tn  determine  as 
with  any  other  young  lish.  They  are  very  greedy,  and,  if  acceptable 
food  is  given  them,  ap|>ear  to  be  hungry  nearly  all  the  time,  and  it  is 
more  than  probable  that  the  troubles  caused  by  overfeeding  nlher  lishes 
would  show  themselves  in  the  bass  if  they  weie  overfed.  Healthy  fry 
have  been  carried  at  Neosho  for  four  months  witli  a  loss  of  only  -  i)er 
cent.  When  first  brought  into  nursery  ponds  or  troughs  they  can  not 
be  induced  to  take  prepared  food,  as  they  arts  wild  and  must  bo  tamed 
They  are  fed  almost  every  hour  in  I  lie  <i;iy,  [  liougli  but 
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being  frighteued  and  darting  into  dark  corners  at  his  approach,  they 
soon  learn  to  come  to  meet  him,  not  a  few  at  a  time,  bat  all  together. 

For  several  days  their  food  will  have  to  consist  of  snch  minate  ani- 
mals as  can  be  conveniently  collected  from  the  x)onds  with  a  dip-net  of 
cheesecloth.  After  four  or  five  days  they  will  accept  prepared  food, 
as  fish  of  some  kind,  ground  to  a  fine  paste.  In  general,  bass  fry  under 
1^  inches  in  length  are  too  small  to  take  artificial  food,  and  it  is  very 
doubtful  whether  it  is  good  policy  to  transfer  them  to  nursery  ponds  or 
troughs  prior  to  that  stage. 

The  number  of  young  bass  to  be  put  into  a  pond  depends  upon  its 
size  and  its  capacity  to  produce  food.  If  the  nursery  has  been  prepared 
in  advance  with  aquatic  plants  some  Crustacea  will  be  found  there,, and 
the  deficiency  is  supplied  by  the  introduction  of  snails,  Gammarus, 
Gorixa,  etc.  The  use  of  beef  liver  as  food  is  not  advised.  To  a  nur- 
sery in  fair  condition  from  3,000  to  5,000  young  bass  may  be  allotted. 
The  death  of  a  part  of  these  must  be  expected,  and  if  even  a  fair  per- 
centage are  to  survive  they  must  have  much  more  food  than  the  pond 
can  probably  grow.  Should  a  large  part  of  them  survive  the  first  few 
weeks  they  can  be  distributed  into  other  nurseries. 

At  Neosho  finely  ground  crawfish  have  been  used  for  food  with  good 
results — not  that  crawfish  have  any  value  over  other  forms  of  aquatic 
life,  but  they  are  abundant,  cost  nothing,  and  are  acceptable  to  the  fish. 
Carp  are  cultivated  for  this  purpose  at  the  Fish  Lakes  in  Washington, 
several  hundred  thousand  being  used  each  season,  the  young  carp 
being  liberated  in  spawning-ponds  with  the  young  bass  a  few  days 
after  they  are  hatched.  At  the  Forest  Ponds  of  the  Missouri  Fish 
Commission  little  branch  chub  are  caught  and  placed  in  the  pond 
several  weeks  before  the  bass  spawn.  As  the  chub  spawn  and  hatch 
out  before  the  bass,  when  the  young  bass  are  transferred  to  the  nursery 
they  find  a  lot  of  young  chub  ready  to  be  eaten.  An  objection  is  that 
the  old  chub  destroy  the  young  bass,  though  this  is  easily  obviated  by 
hatching  the  chub  artificially  and  turning  only  the  young  chub  into  the 
pond,  or  by  removing  the  adult  chub  before  the  bass  fry  are  introduced. 
At  San  Marcos  the  bass  fry  are  fed  on  youug^  carp,  buffalo,  and  mud 
shad,  in  addition  to  the  natural  food,  which  is  quite  abundant  early  in 
the  season,  but  later  they  take  chopped  fish,  salted  fish  roe,  etc.  No 
effort  is  made  to  furnish  the  prepared  food,  though,  until  they  reach  1^ 
inches  in  length,  as  they  remain  in  the  spawning- ponds  until  that  time. 

TRANSFER  AND   CARE   OF  FRY. 

In  transferring  the  fry  to  troughs  or  other  ponds  at  Neosho  two  nets 
of  cheese-cloth  are  required.    The  main  one  is  about  30  inches  sqnarei 
supported  by  ribs  from  above;  to  the  center  of  the  ribs  a  handle  i^* 
attached,  so  that  the  net  can  be  used  5  or  6  feet  frt)m  the  ah' 
net  is  made  to  sag  to  an  open  pocket  in  the  center,  which  can 
and  tied  with  a  drawstring.    The  second  net  is  easily  madi. 
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ordinary  liuiding-net  liy  rBpla<iing  the  uettiiig  witli  ebeeBe-dolli,  This 
will  be  useful  in  calching  the  fry  that  escape  from  the  larger  net.  The 
traoRfer  is  made  in  tubs  filled  with  water  fi-om  the  spawning-pond  in 
order  to  preserve  the  sanifi  t«uiper;LtQre  as  nearly  as  possible.  Xettiiig 
is  (lone  in  the  early  morning,  as  the  shallow  waters  of  the  pond  become 
cool  during  the  night  and  the  temperatures  of  the  iliflei'eut  waters  are 
more  nearly  equal.  It  requires  patience  and  a  degrf^e  of  sliill,  wliicL 
comes  with  practice.  The  operator  stands  on  the  liank  and  intrmluces 
the  net  with  a  gentle  and  scarcely  perceptible  side  movement  under 
ttie  school  and  cautiously  lifts  it  out,  and  when  the  net  is  clear  of  the 
water,  turns  with  a  quicl:  motion  and  brings  it  over  the  tub.  so  that  the 
part  of  the  net  holding  water  and  fish  can  be  readily  submerged  in 
the  tub.  An  assistant  stands  near  the  tub  to  cat^b  the  sides  of  the 
net  and  help  in  the  latter  part  of  the  operation.  While  the  operator 
holds  tlie  rod  to  which  the  frame  of  the  net  is  attached,  the  assistAut 
slips  his  hands  into  the  tab  and  unties  the  drawstring  of  the  net 
pocket,  and  the  net  is  then  gently  lifr.ed  out  of  the  tiiii.  A  bucket  of 
vater  from  the  pond  and  a  dipper  are  kept  at  hand  to  wash  into  the 
tub  any  of  the  fry  that  may  stick  to  the  cheese-cloth.  The  fry  should 
never  be  freed  from  the  net  with  a  feather  or  by  shaking. 

As  soon  as  the  colh-cted  fry  are  in  the  vessels  they  are  earned  to  the 
troughs  or  pools,  when  the  tempiTftture  of  the  water  in  the  bucket  or  cans 
is  compared  with  that  liowing  through  tlic  troughs.  TIji'  f\piMifnce<i 
flatL-coIturist  can  tell  by  the  tonch  whether  there  is  a  material  d  iderence 
in  the  temperature, and  can  takethe  steps  toward  ci|iia]i/ing  it.  Should 
there  be  a  diJference  of  3°  or  more,  it  must  bo  rorrectt'd.  If  ;i  vessel  is 
not  crowded,  an  effective,  but  slow,  method  is  to  set  or  snspend  the 
vessel  in  the  wat«r  flowing  throngli  the  pool  or  trough,  if  tlie  w;itt;r  iu 
the  vessel  is  warm  and  tlie  time  short,  in  addition  to  s<'tliii<;  the  vessel 
in  the  trough,  a  part  of  the  water  may  be  bailed  from  tlm  vissel  and 
re]>laced  with  fresh  colder  water.  This  operation  iacallfd  ■•  tempcriTig"; 
it  rcfiuires  care,  good  jmlgment,  and  patience. 

It  is  well  to  have  several  large  liuekets  made  with  '•  windows,"  that 
is,  a  small  screen  of  perforated  metal  in  one  side  of  tlu;  l)u<:kct,  near 
the  top.  This  bucket  is  i»ut  iu  a  trough  under  a  snnill  Jet  of  water, 
condnct«d  by  a  rubber  tube  to  the  bottom  of  the  bm-ket.  The  jet 
discharging  at  the  bottom  of  the  bucket,  and  the  surplus  water  escaping 
through  the  i)erforated  window,  assist  in  e([uaIi/.iTig  f!ic  temperature, 
and  the  flsh  are  then  earefullyput  into  tlie  troii^ths  m-  |iocils. 

A  part  of  the  fry  do  not  find  their  way  through  the  wire  sireens  into 
the  cut-of),  and  alt  an)uud  the  margin  of  the  pond,  even  in  the  deep 
water,  -straggling  fry  may  be  seen.  Sometimes  these  .scattered  young- 
sters are  small,  but  generally  they  are  the  largest.     After  all  the  fry 
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ponds  are  quite  warm  and  the  temperature  of  the  atmosphere  is  high, 
and  is  carried  oat  with  extreme  watchfulness  and  care,  as  the  midsum- 
mer drawing  of  a  bass  pond  is  the  most  delicate  operation  connected 
with  the  propagation  of  this  species  in  ponds.  These  fry  need  to  be 
<» tempered"  and  sorted  in  the  same  way  as  advised  for  other  fry. 

At  some  stations  of  the  Commission  the  fry  are  not  transferred  from 
the  spawning  to  the  nursery  ponds  until  they  are  1^  inches  long.  In 
effecting  the  transfer  a  seine  made  of  wash-netting  or  bobinet  is  used, 
the  length  and  depth  of  the  net  depending  on  the  size  of  the  ponds. 
The  fishing  is  usually  done  early  in  the  morning,  near  the  inlet  where 
the  young  fish  collect.  The  fish  are  transferred  from  seines  to  tubs  by 
dix>-nets,  and  thence  to  the  tanks,  where  they  are  carefully  assorted  and 
placed  in  the  nursery  ponds.  Sometimes  they  are  assorted  in  the  tubs 
and  put  at  once  in  the  ponds. 

As  the  season  advances  it  will  be  noticed  that  some  of  the  fish  grow 
much  more  rapidly  than  others,  and  as  this  is  generally  the  result  of 
cannibalism,  the  larger  ones  preying  on  the  smaller,  the  fish  must  be 
again  sorted  and  those  of  different  ages  placed  in  separate  x)onds.  The 
successful  raising  of  bass  in  ponds  depends  largely  on  frequent  and 
careful  sorting. 

Collecting  for  shipment  occurs  in  the  cool  days  of  autumn,  as  experi- 
ence has  shown  that  the  bass  can  be  much  better  and  more  safely 
transx>orted  in  the  spring  and  fall  than  in  the  summer.  They  can  be 
transported  more  cheaply  in  midwinter  than  any  othbr  time,  but  when 
fish  are  moved  long  distances  in  very  cold  weather  (or  at  any  other 
time  when  much  ice  is  used  in  the  cans)  many  die  from  gill  troubles. 
After  the  ponds  are  free  from  vegetation  and  are  ready  for  drawing  oW^ 
the  water  level  is  reduced  slowly.  Every  precaution  is  taken  not  to 
frighten  the  fish,  and  with  this  in  view  no  more  attendants  are  allowed 
about  the  bank  than  are  absolutely  necessary.  Black  bass  when 
frightened  will  burrow  in  the  mud  and  live  there  an  incredible  length 
of  time,  and  if  a  fingerling  burrow  in  the  mud  when  the  pond  is  being 
drawn  he  may  prove  a  dangerous  occupant  the  following  spring  when 
the  young  fry  are  introduced.  The  same  precautions  should  be  observed 
in  transferring  fingerlings  as  with  the  very  young  fry. 

During  the  various  stages  of  its  life  the  bass  is  subject  to  the  attack 
of  enemies  of  many  kinds.  The  fish-eating  birds,  like  the  kingfisher; 
wading  birds,  like  the  heron,  and  amphibious  animals,  like  the  mink  and 
muskrat,  must  be  guarded  against.  Snakes,  frogs,  turtles,  and  various 
beetles  are  dangerous  to  the  fry,  and  sometimes  even  to  adult  fish. 


*.■ 


THE  PIKE  PERCH  OR  WALL-EYED  PIKE. 


DESCRIPTION   OF   THE   SPECIES. 

The  pike  perch  {StizosMion  vitreum)  is  the  largest  member  of  the 
perch  family  inhabiting  American  waters.  The  body  is  fusiform;  its 
depth  being  contained  about  4^  times  in  length.  The  head  is  long^ 
pointed,  and  a  little  more  than  one-fourth  the  body  length.  The  large 
mouth  is  provided  with  bands  of  villiform  teeth,  in  a<ldition  to  which 
there  are  long,  formidable  canine  teeth  on  the  jaws  and  roof  of  mouth. 
The  eye  is  contained  4^  to  5  times  in  head.  Serrations  exist  on  the 
preopercular  bone,  and  several  spines  on  the  preopercle.  The  high 
dorsal  fins  are  well  separated,  and  contain  from  12  to  16  spines  and  19 
to  21  soft  rays.  The  number  of  rows  of  scales  in  a  lateral  series  is 
from  110  to  132,  with  about  10  rows  above  and  25  rows  below  the  lateral 
line.  The  general  body  color  varies  from  light  yellowish  to  dark  blue, 
with  indistinct  lines  and  mottlings,  the  under  parts  being  white  or  pink, 
A  large  black  spot  involves  the  membrane  of  the  last  two  or  three 
dorsal  spines,  the  fin  being  otherwise  nearly  plain;  the  second  dorsal 
and  the  caudal  are  mottled  with  yellow  and  olive;  the  pectoral  is  dusky 
at  its  base,  and  the  anal  and  ventrals  are  pinkish. 

Three  rather  well-defined  color  varieties  oi'  the  pike  x>crch  may  be 
recognized,  dei)endent  on  age  and  environmental  conditions.  These  are 
the  gray,  yellow,  and  blue.  The  gray  variety  attains  the  largest  size, 
40  x)Ounds  being  the  maximum  and  10  to  20  ix)unds  being  common.  The 
yellow  form  reaches  a  weight  of  20  pounds,  and  is  often  taken  weighing 
5  to  10  pounds.  It  has  the  widest  range  and  is  the  most  numerous. 
The  blue  pike  occasionally  may  reach  a  weight  of  5  i)oundB,  but  averages 
under  1  pound.  The  gray  and  yellow  varieties  are  usually  found  in  the 
larger  streams,  and  in  the  Great  Lakes  seek  water  10  to  40  feet  deep, 
while  the  blue  variety  seems  to  i>refer  water  30  to  75  feet  deep. 

Gnie  pike  perch  in  that  part  of  Lake  Erie  adjacent  to  the  islands 
of  the  western  end  are  almost  or  entirely  free  from  yellow,  being  a  dark 
gray,  almost  black,  on  the  back,  shading  on  the  sides  to  lighter  grays, 
while  the  lower  third  and  belly  are  silvery  white;  the  body  is  less  (»x)m- 
pressed  and  tapers  less  toward  the  tail  than  the  yellow  variety.  In 
Sandusky  Bay  there  is  a  uniformly  yellow  variety,  of  a  fusiform  siiafK). 
Although  Sandusky  is  connected  with  the  lake  by  a  deep  channel  over 

't  is  reported  that  the  yellow  fish  do  not  leave  the  bay  and 
"ely  enter  except  dnriug  the  spring,  when  small  numl>er8 

sand  pil  n«c),  the  wall-ov^'^^  v\VLVi\'^  ^v*«- 

pylori  ad  of  r>  \a>  1^^^^^^  (ivi\>haiw 
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rays,  larger  size,  presence  of  black  blotcli  on  secoml  dorsal,  absence  of 
Biniilar  blotch  at  base  of  pectorals,  and  some  minor  <;bar!i<;tera, 

Varions  names  are  given  to  the  pike  perch  in  different  parts  of  its 
habitat,  and  two  or  more  names  in  some  localities.  Wall-eyed  pike 
is  the  most  widely  used  dewigiiatioii.  I'ike  and  pickerel  are  employed 
in  the  Great  Lakes.  As  both  of  these  names  are  also  borne  by  the 
members  of  the  gcnas  Luciua,  much  coiifu.sion  has  arisen.  In  tfaeSus- 
guelianna  and  Delaware  rivers  and  along  the  Ohio  and  its  tributaries 
the  fish  is  very  inappropriately  known  as  salmon.  Dory  or  don'-  is  a 
Canadian  desifniatioo.  Other  names  iu  nse  on  the  (ireat  Lakes  and 
elsewhere  are  yeHow  pike,  bine  pike,  glasa-eye,  white-eye,  and  jack 
salmon.  Tn  order  to  avoid  confnsion  and  to  indicate  the  family  rela- 
tionship, the  U.  S.  Fish  C'ommission  has  recommended  the  name  pike 
perch,  the  tish  being  a  perch  of  pike-like  apjiearanoe  and  habits.  This 
name  corresponds  with  the  generic  term  Lucitiperca,  applied  to  a  similar 
Earopean  sjiecies.  The  sauger,  however,  is  entitled  to  bear  the  same 
name,  although  its  usnal  designation  is  distinctive. 

GEOUBAPHICAL    DISTEIBDTION. 

I  The  pike  perch  prefers  clear  water,  with  i-ock.  gravel,  sand,  or  hard- 
olay  bottom.  The  center  of  its  abundance  is  Lake  Erie,  bnt  it  is  among 
the  must  widely  distribnteil  of  oar  fresh-water  ftsfaea,  its  range  extend- 
iuj;  along  tlie  Atlantic  seal>c>ard  from  New  Itrnnswick,  Xcw  lliim]ishire, 
Massachasetts,  and  Oonnecticnt  as  far  south  as  North  Carolina;  thence 
to  the  northern  portions  of  Alabama,  Georgia,  MissisNippi,  and  Arkan- 
sas on  the  south,  with  Kansas,  Nebraska,  tlie  Dakotas,  and  Assinilioia 
its  western  limit  and  the  Hudson  liay  system  its  nurthcrn  boundary. 
Over  the  greater  part  of  this  vast  area  it  is  fairly  abundant,  and  iu  all 
of  the  waters  of  the  Great  Lakes  region,  the  Mississipiu  tiasiii,  and  the 
Boutliern  portion,  at  least,  of  the  Hudson  Bay  system  it  is  loinniercially 
important.  In  New  Uanip.sjiire,  Connecticut,  New  Jersey,  and  eastern 
Pennsylvania  it  is  not  indit^enous.  Its  adaptability  to  suitable  new 
waters  is  shown  by  its  acclimatization  in  the  Susr[uehaniia  and  Dela- 
ware in  Pennsylvania,  in  many  small  lakes  in  Michif^an.  and  in  the 
streams  and  lakes  of  Nebraska,  where  it  has  rapidly  nuiltipliL'd  and  is  a 
great  favorite  with  anglers  and  epicures. 

The  range  of  the  sauger  is  less  extensive  than  tliat  of  tlie  wall-eyed 
pike.  It  embraces  the  Great  Lakes  region,  west  to  the  I'pprr  Missouri, 
and  south  to  Arkansas  and  Tennessee. 

ECONOMIC    VALUE,    FOOD   AND    (lAME    (.'UAMTIK.-^. 

The  pike  percli  is  one  of  the  most  valuable  frcsliwater  lislies.  In 
Lake  Krie  alone  the  annual  <'ati:h  is  now   upward  of  ti,<i()0,iK>i>  pounds, 
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with  which  it  is  captured,  it  is  holding  its  own  well  owing  to  its  hardi- 
ness, its  comparative  freedom  from  disease,  and  the  facility  with  which 
it  is  produced  by  flsh-caltural  methods. 

As  a  table  article  it  ranks  high.  The  smaller  fish  are  delicious  fried, 
broiled,  or  boiled,  while  the  larger  ones,  weighing  from  6  to  15  pounds, 
are  excellent  when  baked.  The  flesh  is  firm  and  well  flavored,  even  in 
the  warmest  weather.  Few  fish  stand  shipment,  holding,  or  freezing 
better  than  pike  perch.  It  is  not  so  well  adapted  to  salting  as  some 
species,  but  this  is  not  important,  as  the  demand  for  it  is  so  great  that 
the  supply  is  always  disi)osed  of  fresh  orfrozen.  Theabdominal  cavity  is 
comparatively  small  and  the  head  medium,  so  that  little  loss  occurs  in 
dressing.  The  bones  are  somewhat  numerous,  but  they  are  generally 
large  and  easily  separated.  The  gray  and  yellow  varieties  are  consid- 
ered  superior  to  the  blue  for  food,  and  are  also  better  game  fish. 

The  pike  perch,  although  capricious,  is  readily  caught  with  baited 
hook,  artificial  fly,  spoon,  etc.,  and  deserves  high  rank  as  a  game  fish. 
About  100  toDS  are  taken  annually  with  hook  and  line  through  the  ice 
about  the  Bass  Islands,  Lake  Erie;  large  quantities  are  also  thus 
caught  near  Buff'alo,  N.  Y.,  in  Saginaw  Bay,  Mich.,  and  elsewhere.  In 
ice  fishing  small  minnows  are  generally  used,  the  bait  being  taken  near 
the  bottom. 

FEEDING   HABITS. 

Although  the  pike  perch  is  predaceous,  observations  would  seem  to 
show  that  it  devours  fewer  desirable  species  than  any  other  predatory 
fish.  Its  main  food  in  Lake  Erie  the  year  round  is  a  small  cyprinoid| 
usually  called  lake  shiner,  which  abounds  in  these  waters,  with  occa- 
sionally crawfish  in  the  winter  and  the  larvseof  insects  and  the  insects 
themselves  in  the  wanner  months.  A  pike  perch  weighing  16J  pounds 
has  been  caught  containing  a  bullhead  which  in  its  partly  digested 
condition  weighed  9  ounces.  The  stomachs  of  hundreds  have  been 
opened  at  all  seasons  of  the  year  and  under  various  conditions,  and 
the  examinations  have  as  yet  failed  to  disclose  one  containing  a  white- 
fish,  black  bass,  or  other  valuable  fish.  Usually  the  stomach  was  empty 
so  far  as  the  unassisted  eye  could  discover,  except  for  a  thick,  tough, 
greenish-yellow  slime. 

The  pike  perch  does  not  generally  inhabit  the  depths  of  waters  fre- 
quented by  the  black  bass,  preferring  the  deeper  portions  of  the  shal- 
low parts  of  the  lake.  Excepting  the  blue  pike  variety,  it  is  not  found 
in  deep  water,  which  is  the  home  of  the  whitefish  during  all  the  year 
except  for  a  feliort  period  in  the  fall  during  its  reprodnctive  migrations. 
And  even  the  blue  pike  does  not  inhabit  the  deep  waters  where  the 
whitefish  and  cisco  spend  most  of  their  lives. 

SPAWNING   AND   SPAWN-TAKING. 

The  pike  perch  is  not  a  nest-builder,  as  are  the  basses  and  sunfishes. 
The  female  discharges  her  spawn  in  shoal  waters,  the  male  folU^^v^^ 
and  emitting  milt  in  proximity  to  the  egg^.    TVl^  \i\)^'^\iA\\^'C\\si^^^^>»^ 
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greatly  in  dift'erenl  localities,  cstenrtitig  from  the  hist  of  Martb  with 
tbe  yellow  and  gray  varieties  to  the  latter  part  of  May,  The  blue  pike 
baa  not  been  hutched  by  fish  t'ultari»ts,  aud  comimrativefy  little  m 
known  of  itB  spawning  habite. 

The  work  of  collecting  eggs  for  artificial  propagation  generally 
begins  about  the  10th  of  April  and  extends  to  the  2(ith  of  that  month. 
The  eggs  arc  obtained  from  fish  taken  by  couiinercial  fishermen.  Half 
or  more  of  these  are  hatcbcil  into  vigorous  fry  and  deposite<l  in  public 
waters,  and  but  for  this  work  all  the  eggs  tims  saved  would  go  to  the 
market  in  the  alKlomeus  of  the  fish  and  be  entirely  lost. 

The  pike  perch  develops  a  greater  number  of  eggs  in  proportion  to 
its  weight  than  the  nbitefisL,  and  but  a  small  percentage  of  them  are 
fertilized  under  uatnral  conditions.  The  eggs  are  0,08  inch  in  diauot«r 
and  average  about  150,000  to  a  liuid  quart.  About  90,000  eggs  would 
probably  be  a  fair  average  )>er  flsh  for  Lake  Erie,  and  as  the  spawning 
fish  will  average  about  -  pounds  each,  J.'ijOOO  eggs  to  the  jmund  weight 
of  fish  would  approximate  the  true  figures, 

A8  the  spawning  time  approaches  spawutakers  arc  Rtationed  at  the 
Various  points  on  the  lake  where  nets  are  to  be  fished.  A  s]iawn-taker 
■cconipanies  tbe  fisherman  on  his  trip-s  to  the  nets  and  examiues  tbe 
catch  for  ripe  fish.  His  equipment  is  tbe  same  as  that  described  in 
tbe  chapter  on  whiteflsh,  except  that  he  takes  a  quantity  of  swamp 
tnuck  for  use  in  preventing  adhesion  of  the  eggs.  After  he  haa  selected 
and  stripped  a  fish,  it  is  returned  to  the  fisherman.  The  eggs  after 
being  fertilized  are  either  shipped  directly  to  the  hatchery  or  through 
some  central  collecting  station. 

Tbe  inner  membranes  of  the  egg  are  delicate  and  easily  ruptured, 
and  the  greatest  care  is  necessary,  from  the  taking  of  tbe  spawn  to  tbe 
hatching  of  the  fry,  and  especially  until  tbey  are  cushioned  by  the 
filling  of  tbe  membranes  with  water. 

The  flsb  should  bo  wiped  so  that  slime  will  not  drip  into  the  spawn- 
ing pan,  iis  a  very  small  portion  will  clog  tbe  micropile  and  prevent 
impregnation.  The  female  is  grasped  firmly  in  the  left  hand  just  for- 
ward of  the  tail,  with  the  back  of  the  hand  downward,  the  fingers 
outward  and  tbe  thumb  above  and  pointing  upward,  the  head  of  tbe 
flsb  being  held  between  tbe  spawn-taker's  right  wrist  and  body,  the 
right  hand  grasping  the  fish  from  below,  just  back  of  the  pectoral  fins, 
tbe  lingers  inward,  the  thumb  outward.  The  anterior  i>ortion  of  tbe 
abdomen  is  thus  firmly  grasi>ed  aud  tbe  pressure  brnnght  to  bear  on 
the  eggs  in  the  ovaries  of  the  fish.  A  woolen  mitten  on  the  left  hand 
allows  a  firmer  grasp  ou  the  slippery  body  than  is  jmssible  with  the 
bare  band.  The  fish  is  now  at  an  angle  of  45°,  the  body  forming  a 
modified  crescent,  with  tbe  vent  within  1!  or  3  inches  of  tbo  bottom  of 
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fluid  stream,  probably  over  half  of  them  being  procured  before  the 
band  is  moved,  but  when  the  flow  slackens,  and  not  until  then,  the  hand 
should  be  moved  slowly  toward  the  vent  without  releasing  the  pressure 
and  only  fast  enough  to  keep  the  eggs  flowing  in  a  continuous  stream. 
When  this  stops  the  hand  should  be  replaced  and  the  process  repeated 
until  all  the  good  eggs  are  procured.  If  the  eggs  do  not  start  readily 
they  should  not  be  taken. 

As  soon  as  one  female  is  stripped  the  milt  is  added,  care  being  taken 
all  the  time  to  allow  no  water  in  the  pan  until  the  lot  is  finished  or 
until  the  pan  is  half  or  two-thirds  full  of  eggs.  If  males  are  abundant 
one  is  stripped  for  each  female,  and  one  for  every  two  or  three  females 
in  any  event.  When  the  pan  is  about  half  full,  and  before  any  water 
is  added,  the  eggs  are  very  thoroaghly  and  carefully  stirred  with  the 
outstretched,  spread  fingers,  and  enough  water  is  added  to  incorporate 
the  egg  mass  and  nicely  cover  the  eggs,  the  whole  being  mixed  again 
with  the  fingers  and  allowed  to  stand  for  2  minutes.  Next  the  milt  of 
one  or  two  more  males  and  a  little  water  are  added,  the  mixtnre  is 
stirred  as  before,  and  again  allowed  to  stand  for  5  minutes. 

Impregnation  can  not  take  place  unless  the  milt  and  eggs  come  into 
I)erfect  contact,  and  as  the  milt  dies  2  minutes  after  water  is  added, 
and  as  the  eggs  will  not  become  impregnated  after  having  been  in 
water  6  minutes,  it  can  readily  be  seen  that  the  eggs  and  milt  must  be 
thoroughly  and  quickly  mixed,  both  before  and  after  the  water  is 
added.  A  tablespoonful  of  muck  solution  is  now  stirred  into  the  mass 
and  a  pint  of  water  added.  The  water  is  poured  off  after  standing  and 
this  process  is  repeated  every  half  hour,  as  described  on  pp.  174-175. 

After  the  adhesion  has  subsided  the  eggs  are  placed  in  a  keg  nearly 
filled  with  water  and  stirred  every  half  hour,  with  a  change  of  water 
at  least  every  hour  from  the  time  the  eggs  are  taken  until  they  are 
delivered  at  the  station.  The  stirring  is  thoroughly,  but  gently,  done 
with  a  dipper,  care  being  taken  that  the  dipi>er  does  not  strike  the 
sides  or  bottom  of  the  keg. 

The  eggs  should  never  be  exposed  to  the  sun,  and  the  water  sur- 
rounding newly  taken  eggs  should  preferably  be  kept  between  40^  and 
60^  F. ;  in  fact,  experience  has  shown  that  even  35°  is  not  harmful. 
Of  course,  all  sudden  changes  of  temperature  should  be  avoided. 

DEVELOPMENT  AND  CARE  OF  EGGS. 

When  the  eggs  arrive  at  the  station  they  are  held  in  15-gallon  cans 
for  about  24  hours,  a  gentle  stream  flowing  into  each  can,  this  being 
considered  better  than  to  place  them  at  once  in  the  hatching-jars,  where 
the  motion  is  too  violent  for  the  green  eggs.  While  thus  held  they  are 
stirred  every  hour.  Kegs  or  cans  may  be  carried  half  full  of  eggs  if 
properly  cared  for. 

For  the  handling  of  all  eggs  at  Put-in  Bay,  except  those  to  be  shipped 
by  rail  or  wagon,  15-gallon  pine  kegs,  painted  outside,  with  iron  hoops 
and  iron  drop-handles,  are  preferred  to  tin  cans.    T\\Qk^  ^s&^  ^iS^^^k^rst 
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lighter,  more  dnrable  and  convenient.  The  eggs  are  in  full  view  wlien 
being  stirred  and  when  water  in  poured  off  or  added;  the  most  ini|»or- 
tant  point,  however,  is  that  tlie  kegs  retain  tlie  water  at  a  more  even 
temperature,  as  they  Hre  less  affected  by  heat  and  cold  than  the  cans. 
All  dishes  Hud  implenients  with  which  the  eggs  cume  in  contact  should 
be  thoroughly  scalded  and  cleaned  at  the  beginning  and  close  of  each 
egg-taking  season. 

For  hatching  pike-perch  eggs  at  Put-in  Hay  the  Rainu  jars  are  used 
fts  for  the  wliiteHsli  eggs,  and  ou  pp.  lli>-llll  will  bo  found  )v  description 
of  the  hatchery  and  ita  iMjutpnient,  the  arrHngomeut  of  the  jars  in  a 
"  battery,"  the  manner  of  operating  them,  etc.  Ulie  piko-j>erch  eggs 
are  lighter  than  many  others,  and,  being  hatched  in  comparatively 
warm  water,  fungus  quickly  when  deail.  The  water  use«l  in  hatching 
them  shonld  therefore  be  practically  clear,  for  if  it  contains  any  con- 
siderable portion  of  Bilt  the  fungosetl  eggs  will  soon  become  so  losided 
as  to  possess  thi*  same  specific  gravity  aa  the  living  ones,  and  sink  in 
the  egg  mass,  forming  lumps  which  can  be  removed  only  by  screening, 
which  is  always  more  cir  less  injurious.  Even  the  live  eggs  will  bewime 
coat«d,  interfering  witli  the  proper  working  of  the  jars.  Where  clear 
water  is  used  the  faiigused  eggs  remain  buoyant,  keep  on  top  of  the  egg 
mass,  and  are  easily  removed  without  loss  or  injury  to  the  live  ones. 

Where  water  is  oidy  moderately  tarbid  and  a  large  nnmber  of  eggs 
are  being  handled,  if  the  water  temperature  runs  np  to  56^  or  (HP  the 
eggs  will  fungus  so  ra])idly  that  they  can  not  be  separated  fast  enough 
to  prevent  the  live  eggs  from  becoming  mixed  with  tliem.  .\s  it  is 
practically  impositible  to  rnn  "hospital  jars"  under  such  coiiditioris, 
many  eggs  must  be  lost,  or  the  small  percentage  of  live  ones  I'ontuincd 
in  the  mass  of  dead  ones  must  be  drawn  oil'  and  dislribnted  in  tlie  lake 
and  thus  given  a  chance  there  to  hatcli.  Moth  of  tliese  conditions  are 
to  be  deprecated  and  can  be  prevented  by  a  tilteriiig  plant. 

In  order  to  insure  perfect  cleanliness,  it  is  advisable  to  treat  the 
whole  system  of  troughs  and  pipes  through  which  the  water  runs,  once 
or  twice  a  year,  with  a  clear  solution  of  chloride  of  lime,  beginning 
with  the  Nup])ly  tanks,  which  should  be  thoroughly  washed  inside,  and 
following  down  until  all  have  been  reached,  opening  each  faucet  or 
cock  during  the  proccdnre.  In  this  way,  at  small  expense,  the  system 
is  freed  from  infusori  i  lud  other  forms,  which  at  times  are  very 
tronblcsonie  and  more  oi  less  destructive  to  the  eggs.  Tliis  work 
should  be  done  m  tlit  fill  just  before  whitefish  eggs  are  to  be  jdaced 
in  the  jars,  and  again  in  the  spring,  as  soon  as  the  whitctisli  i-ggs  and 
fry  are  all  dispo.scd  ot  md  belore  the  pike-perch  eggs  arc  icccivcd.  If 
these  periods  overlai  i  b  itti  ry  at  a  time  can  be  treated.  Aflcr  treat- 
ment, the  tanks  are  thoroughly  waslied  and  the  whole  system  is  Hushed 
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The  fry  of  the  pike-perch  are  only  about  as  large  roand  as  ordinary 
sewing  thread  and  about  -]^  inch  long;  it  therefore  requires  very  fine 
brass- wire-cloth  screens  to  hold  them  in  the  tanks,  and  it  is  exceedingly 
important  that  these  screens  be  kept  clear — preferably  by  the  air  jets 
described  in  the  chapter  on  whitefish  (p.  119).  This  apparatus  gives 
perfect  satisfaction  and  twice  the  number  of  whitefish  or  pike-perch 
flry  can  be  successfully  carrie<l  in  a  given  amount  of  water  with  the  air 
system  than  without  its  aid. 

When  the  eggs  are  phiced  in  the  Jars  24  hours  after  taking,  allow- 
ance is  made  for  some  additional  swelling,  and  accordingly  3J  quarts 
of  eggs  are  placed  in  each  jar  on  setting  them  up.  These  will  swell 
to  4  or  44  quarts  at  the  end  of  3  days,  and  that  number  works  best. 
The  eggs  are  worked  with  the  least  i)0S8ible  amount  of  water  that  will 
keep  them  in  motion  througliout,  and  anything  beyond  this  is  harmful 
and  will  result  in  ruptured  yolks.  The  jars  are  inspected  daily,  and 
one  that  is  working  too  fast  or  is  not  working  uniformly  is  carefully 
adjusted. 

The  eggs^  are  semibuoyant  and  very  adhesive.  A  single  large,  spher- 
ical oil-drop  fioats  at  the  top  of  the  yolk  mass.  The  germinal  disk  is 
on  the  side  of  the  yolk.  The  first  cleavage  of  the  disk  ordinarily  takes 
place  in  5  to  6  hours  in  a  water  temperature  of  45^  to  50^  F.  Unequal 
division  of  the  disk  is  rare,  although  it  sometimes  occurs,  while  with 
the  whitefish  and  many  other  species  inequality  of  cleavage  is  the 
almost  universal  rule. 

In  a  water  temiierature  of  45^  to  50^  the  form  of  the  embryo  may  be 
distinguished  under  a  low-power  glass  in  4  days,  and  the  eye-specks 
can  be  seen  by  the  unassiste<l  eye  in  about  6  days.  By  this  time  the 
pigment  cells,  or  color  stars,  can  also  be  seen  with  a  microscope  of  mod- 
erate power,  as  well  as  the  pulsations  of  the  heart  and  the  coursing  of 
the  blood  through  the  vessels — the  red  (tor])uscles  being  distinguishable. 

At  this  stage  any  monstrosities,  malformations,  and  other  blemishes 
may  be  easily  discovered.  They  consist  of  embryos  with  double  heads, 
the  most  (common  form,  more  than  the  normal  number  of  eyes,  curved 
spines,  and  various  other  deformities,  some  so  slight  as  to  be  scarcely 
discernible.  All  these  erratic  forms  perish  before  hatching  or  soon 
afterwards,  and  cause  the  loss  of  a  large  percentage  of  the  eyed  eggs, 
which  die  before  hatching;  insufiicient  food  supply  in  the  yolk  causes 
the  loss  of  the  next  greatest  number,  the  two  covering  about  60  per 
cent  of  the  wliole  loss  of  eyed  eggs. 

The  eggs  hatch  in  from  7  to  28  days,  a  mean  temperature  of  about 
570  producing  the  first  result  and  about  40^  the  latter,  neither  extreme 
furnishing  the  best  of  fry.  At  a  temperature  of  about  48°  the  eggs 
will  hatch  in  18  to  20  days  and  produce  vigorous,  healthy  fry. 

The  absorption  of  the  food- sac  is  governed  by  the  period  of  incuba- 
tion and  in  some  measure  by  the  water  temperature,  and  a  day  or  two 
after  its  complete  absorption  cannibalism  will  begin.  If  28  days  have 
been  required  the  sac  will  be  absorbed  iu  fvom  5  Vi  ^  ii'iK^^^^Xs^^SS.  ^ 
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8hort«r  period — say  of  H  days — bas  been  require)),  it  will  likely  take 
10  days  before  tlie  Bac  is  fully  absorbed  aud  the  fry  begiu  to  destroy 
eadi  otber. 

TBANSPdBTATION  OF  EGG8. 

Tlie  best  method  of  sbipping  eggs  a  considerable  distiuioe  !>efore 
hatching  is  a  Homewhat  oiieii  tjaestion.  The  experiment  of  shipping 
them  on  trays  rather  than  in  water  in  kegs  or  cans,  ae  described  altovo, 
has  been  tried  with  varying  success.  If  shipped  on  trays  they  should 
b«  accompanied  by  a  watchful  messenger,  who  will  see  that  they  are 
not  subjected  to  sudden  jars  while  in  transit.  They  should  be  spread 
on  the  trays  not  over  cue- third  of  an  inch  dee[>,  and  shouhl  be  6]>rinkled 
lightly  every  day.  The  cases  containing  the  eggs  should  be  packed  in 
damp  sawdust,  so  that  all  partu  of  them  will  be  covered  '•  or  more 
incheN.  Ice  should  be  used  if  the  air  temjterature  is  higher  than  46° 
or  50'^  F.,  as  the  nearer  the  eggs  can  be  kept  to  4(t'^  F,  the  better. 

KggH  held  from  2  t^i  5  days  on  trays  at  Toletio  and  then  ship]>ed  40 
miles  liy  steamer  to  Putin  Bay  came  out  as  well  as  the  average  of  the 
eggs  rt;ceived  near  home  aud  held  in  niuuing  water  24  hours.  A  lot 
shipped  on  trays  from  Putin  Bay  to  Cajie  Vincent,  N.  Y.,  almnt  400 
miles,  came  out  badly,  while  those  from  the  same  lot  carried  in  water 
tarnod  out  well.  This  difference  is  probably  acconnted  for  from  the 
foct  that  the  eggs  carried  in  water  were  not  subjected  to  sudden  jars, 
while  in  the  other  caso  they  doubtless  were.  It  is  nuite  pos.-iiblo  Ihat 
futures  in  shipping  pike-perch  eggs  on  trays  have  been  largely  owing 
to  concussions  received  during  transit,  such  as  must  result  in  carrying 
them  on  railroad  cars  and  wagons. 

If  the  eggs  are  to  be  transported  long  distances,  they  should  be 
covered  with  cheese  or  mosquito  cloth  and  the  remaining  spiice  to  the 
top  of  the  tray  filled  with  damp  sphagnum  moss;  Imt  if  only  a  distance 
of  75  miles  or  less  is  to  be  traversed,  this  is  uniieces,sary,  care  being 
taken  to  keeji  the  cases  right  side  up. 

Eggs  that  have  been  held  on  trays  should  be  placed  in  running  wat«r, 
in  kegs  or  cans,  a  few  hours  before  they  are  put  in  the  jars,  or  an  allow- 
ance of  about  12  per  cent  should  he  made  for  shrinkage  of  the  eggs 
while  on  the  trays.  Otherwise  too  many  eggs  will  be  put  into  the  jars 
to  work  well. 

PLANTIN<i   THE    FRY. 

In  order  to  prevent  loss  from  the  fry  preying  upon  each  other,  when- 
ever practicable  they  shouhl  be  planted  before  the  sac  is  fully  absorbed, 
but  not  for  :i  or  4  days  after  hatching,  since  if  I  hey  are  so  held  they 
gain  strength,  and  if  tliey  are  to  bo  transiwrted  some  distance,  they 
become  better  fitted  for  withstanding  the  hardships  of  a  long  j()urney. 
But  w 
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a  day  or  two  and  will  not  stand  transportation.  They  must,  therefore, 
be  transported  before  the  sac  is  fully  absorbed  or  large  numbers  will  be 
lost  by  either  cannibalism  or  starvation. 

Daring  the  season  of  1899  the  water  pumped  from  the  lake  for  the 
supply  of  the  fry  tanks  at  the  Put-in  Bay  Station  literally  teemed  with 
Crustacea,  such  as  Cyclops^  DiaptowuSj  Daphnia^  Alonopsis,  etc.,  but  at 
first,  after  the  food-sac  was  absorbed,  the  fry  refused  to  partake  of 
these,  their  supx)osed  natural  food,  and  preyed  on  each  other  instead. 
Three  or  four  days  later,  however,  a  few  hundred  fry  held  for  experi- 
mental purposes  devoured  these  Crustacea  greedily  and  throve  upon 
them  as  long  as  the  supply  was  kept  up.  When  cannibalism  was  at  its 
height  60  fry  were  placed  in  a  tin  pan,  with  myriads  of  Crustacea.  In  10 
minutes  there  were  6  cases  of  cannibalism.  In  each  case  one  of  the  fry 
seized  the  tail  of  another  and  swallowed  all  it  could.  Close  watching 
£ftiled  to  discover  any  of  these  fry  attempting  to  seize  one  of  the  Crus- 
tacea. It  was  also  discovered  that  neither  the  fry  of  the  whitefish  nor 
of  the  pike  perch,  when  later  they  began  to  feed  on  the  Crustacea,  would 
touch  a  Diaptomus,  although  the  most  showy  of  all  the  Entomostraca 
present  and  resembling  very  strongly  the  Cyclops^  with  which  it  is 
closely  related.  When  a  hungry  fry  would,  as  if  by  accident,  seize  a 
Diaptomus  it  would  at  once  reject  it  and  go  about  showing  unmistak- 
able signs  of  discomfort.  Contrary  to  the  general  belief,  the  fry  do  not 
always  die  from  the  effects  of  eating  other  fry.  The  swallowed  portion 
may  be  digested  and  the  head  and  attached  tissues  finally  rejected. 

It  has  been  customary  to  employ  the  same  method  in  planting  pike- 
perch  fry  as  in  planting  whitefish  fry;  that  is,  the  fry  are  dipped  from 
the  fry  tanks  of  the  hatching  battery  into  cans  or  kegs  and  transported 
on  a  steamer  to  the  points  selected,  where  the  cans  are  carefully 
lowered  into  the  water  and  the  young  fish  allowed  to  swim  out. 

Toward  the  close  of  the  season  of  1899  an  experiment  was  made  of 
carrying  fry  to  the  planting-grounds  in  a  tank  on  board  the  steamer. 
The  tank  held  400  gallons,  and  was  therefore  equal  in  capacity  to 
forty  10-gallon  cans,  but  it  was  found  in  practice  that  a  half  more 
fry  could  be  carried  in  this  way  with  a  given  amount  of  water  than 
in  cans,  as  there  was  a  continual  stream  going  in  through  hose  con- 
nected with  a  deck  pump  and  out  through  screened  siphons,  whereas 
with  cans  some  must  stand  while  the  water  in  others  is  being  changed. 
Moreover,  it  is  impossible  to  got  a  maximum  number  of  fry  in  each  can, 
so  that  some  cans  are  carried  with  fewer  fry  than  they  should  contain, 
while  experience  soon  taught  how  many  could  be  safely  handled  in  the 
tank. 

The  fry  were  drawn  from  the  fry  tanks  in  the  house  direct  to  the  tank 
on  the  steamer  through  a  1-inch  rubber  hose,  acting  as  a  siphon,  the 
suction  end  being  held  near  the  air  supply,  where  fry  collect  in  largest 
numbers.  This  required  10  to  15  minutes,  while  by  the  old  method  of 
dipping  the  fry  into  tubs  and  then  distributing  them  into  the  kegs  on 
board  it  would  take  more  than  an  hour.    This  saying  oC  \\\sl<^V^n^t^ 
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important  when  fry  are  hatebing  rapidly.  Another  iidviktitagi^  is  that 
by  pafisiug  the  liose  nbotit  close  to  the  bottom  of  tbe  tank  iiearlj'  all 
the  shells  are  removed  witli  the  tvy,  thus  ke^-piii^  the  t»iik.s  oompara- 
tively  clean.  l!;saminBtiuiiH  ahuwed  that  the  try  were  not  injured  by 
panaiug  tbrougb  the  bose,  nbich  in  also  au  advantage  over  dipping 
tbem  out  with  scoops. 

On  arriving  at  the  Held  of  planting,  the  firy  and  water  are  discharged 
tiirongb  a  section  of  boae  about  10  feet  long,  tending  from  the  bottom 
of  the  tank.  The  steamer  i»  kept  at  a  slow  speed  at  tbe  time  and  tbo 
transfer  of  tbe  fry  to  the  water  is  aoc^implisbed  aa  gently  at  least  as 
voald  be  the  case  in  emptying  them  from  kegs.  Considerable  time,  as 
well  as  much  hard  work,  ia  eaved  by  this  plan,  and  so  far  there  appears 
to  bo  BO  objectionablo  features  in  it. 

USE  OF   BWAMr   MUCK   TO   PBEVENT   ADHESION  (IF  EGOS, 

Many  es)>eriuients  have  l>een  made  from  time  to  time  t4>  determine 
tbe  best  means  to  jirevent  adbe8ion  in  tbe  pike-perch  eggs.  This  may 
be  accomplished  by  constantly  stirring  tbe  eggs  from  tbe  time  tbe 
water  is  adde*:!  until  it  RIls  tbe  egg  and  adhesion  ceases;  but  this 
causes  loss  of  time  aud  a  large  [lercentago  of  yolks  will  iuevitably  be 
mptnred.  Another  method  is  to  allow  tbe  eggs  to  agglutinate  into  a 
B  and  stand  thus  until  fully  haideued,  afterwards  .separating  tbem 
by  gently  rubbing  them  between  the  hands,  but  this  also  saeriflces  time. 
The  date  of  tbe  lirst  use  of  foreign,  inert  substiiuces  to  prevent  adhesion 
is  uncertain.  Fine  clay  dust  and  clay  in  solution  have  been  used  with 
success  and  exjierimenis  with  starch  have  given  good  results,  iiy  a 
series  of  experiments  with  eggs  taken  in  the  vicinity  of  the  station 
from  the  boats  of  tbe  tishermen,  and  from  the  penned  lish  as  well,  it 
was  found  that  the  proper  use  of  swamp  muck  obviales  the  ditliculty, 
with  a  great  saving  of  time,  labor,  and  eggs. 

In  the  spring  of  lUit't  finely  divided,  washed,  anil  screened  swatnp 
muck  was  tried  at  Put-in  Bay  and  has  becTi  iise<l  ever  Kinre,  and 
recently  with  complete  success,  owing  to  a  change  in  tbe  method  of 
application.  The  plan  pursued  up  to  1.S99  was  to  add  muck  to  the 
water  in  tbe  kegs  into  which  the  eggs  were  poured  after  impregnation 
and  to  wash  them  quickly.  Tbe  washing  was  done  nuickly  in  onlcr  to 
prevent  adhesion.  This  was  efl'ective,  but  it  involved  the  use  of  Um) 
much  muck,  which  was  removed  from  tbe  water  witli  some  diftiiulty, 
aud  which  smotberet)  the  eggs  if  left  in  too  long  in  any  <[uantity,  ;iiid, 
furthermore,  it  was  diflicult  to  get  exactly  tlic  right  i|uaiitityof  the 
mixture.  Careful  experiments  were  tlierefore  nnidc  in  using  tbe  muck 
in  tbe  pan  immediat«ly  after  impregnation  had  taken  place  and  satis- 
factory results  were  obtained.  The  eggs  are  allowed  to  stand  in  the 
milt  for  about  11)  riiinulcs  witli  sulljci 
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it  is  left  half  an  hoar,  or  while  another  pan  is  being  filled.  Withoat 
moving  pan  No.  1  more  than  is  necessary  the  sui-plus  water  is  poared 
off,  the  pan  again  filled,  stirred,  and  left  as  before,  while  pan  No.  2  is 
treated  like  the  first.  If  the  boat  rocks  so  as  to  endanger  the  safety 
of  the  eggs  it  is  better  to  })our  them  carefully  into  the  keg  and  let 
them  stand  there,  keeping  only  about  an  inch  of  water  over  them  and 
pouring  the  water  oft'  and  adding  fresh  water  at  intervals  of  not  more 
than  half  an  hour. 

The  important  point  in  preventing  adhesion  is  to  leave  the  eggs 
alone  until  the  particles  of  muck,  or  the  spermatozoa,  in  case  the  eggs 
are  held  in  the  milt  without  the  addition  of  muck,  have  settled,  and 
then  pour  oflf  the  comparatively  clear  water,  adding  a  fresh  supply 
and  then  gently  agitating  the  eggs.  It  will  be  observed  that  most  of 
the  muck  particles  will  have  settled  in  one  minute,  the  water  becoming 
measurably  clear.  If  the  eggi^  are  held  in  the  milt,  the  water  being 
very  milky  from  the  mixture,  the  water  will  become  comparatively  clear 
in  3  or  4  minutes.  This  is  because  the  spermatozoa  are  slightly  heavier 
than  the  water  and  settle  to  the  bottom.  In  either  case  it  is  important 
to  retain  the  particles  in  the  remaining  water  and  eggs  until  adhesion 
has  ceased,  in  order  to  keep  the  eggs  separated  from  each  other,  for 
although  the  particles  of  muck  or  the  spermatozoa,  as  the  case  may  be, 
are  adherent,  sticking  to  the  surface  of  the  egg,  they  are  easily  washed 
ofiT,  thus  permitting  the  eggs  to  come  into  contact  and  become  fastened 
together.  Aside  from  the  washing  oft',  the  area  of  the  egg  membrane 
becomes  constantly  greater,  removing  the  particles  farther  and  farther 
from  each  other  until  finally  the  surfaces  meet  and  adhesion  takes  place. 
This  will  not  occur  if  the  muck  particles  or  the  milt  are  left  in  the  egg 
mass  until  adhesion  has  ceased  or  until  the  egg  has  become  practically 
filled  with  water — that  is,  has  finished  swelling. 

The  first  great  loss  of  eggs  is  owing  to  lack  of  impregnation,  and  the 
second,  shown  by  their  turning  white,  is  owing  to  the  rupture  of  the 
sac.  While  the  eggs  are  soft  and  not  cushioned  by  the  absorption  of 
water,  the  greatest  care  possible  will  not  prevent  the  rupture  of  a  con- 
siderable percentage  of  tbe  sacs  where  the  old  method  is  pursued  of 
constant  working  to  prevent  adhesion.  By  holding  the  eggs  in  the 
milt — which  is  better  than  the  old  way  and  requires  less  labor,  but  is  not 
to  be  c«)mpared  with  the  muck  process — or  by  using  muck,  with  reason- 
able care  in  all  other  directions,  the  loss  is  very  slight,  as  has  been 
shown  by  careful  experiments  and  counts. 

Muck  has  proved  far  superior  to  starch  or  any  other  substance  which 
has  been  tried  at  the  Put-in  Bay  Station,  stanch  being  prone  to  settle 
into  a  hard  mass  among  the  eggs,  requiring  considerable  work  to  again 
dissolve  it,  with  more  or  less  injury  to  the  eggs. 

The  preparation  of  the  muck  solution  is  very  simple,  but  should  be 
carefully  conducted,  as  follows : 

At  a  suitable  place  in  a  swamp  a  depression  is  dug,  which  quickly 
fills  with  water.    Muck  is  now  suspended  in  this  water  by  thorough 
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beating  and  stirritig  niitil  most  of  tbe  muck  particles  aro  freely  diviiled. 
Care  is  takeu  not  to  get  tbe  luixtaro  too  tbiok,  ns  tbe  sand  will  uot 
settle  out  nor  can  tbe  misture  be  screened  fVecly.  Tbis  is  poured 
tbrougb  a  screen  placed  across  a  washtnb  until  the  tub  ia  full,  wbcn 
the  diibris  is  kitocke«l  off  the  top  of  tbe  screen  and  anotber  tub  ia  filled. 
The  partially  clear  water  is  ]>oured  off  of  tub  Xo.  1,  it  is  again  filled 
with  muck,  and  this  is  coutinned  until  thero  are  a  few  ([iiarts  of  muck 
of  the  consistency  of  cream  iu  the  bottjitn  of  the  tnbs.  The  tuba  are 
next  filled  with  water,  which  is  agitated  thoroughly,  and  then  allowed 
to  stand  a  few  seconds  to  give  the  particles  of  sand  time  to  settle. 
The  contents  of  tbe  tubs  are  then  emptied  into  kegs  or  cans,  when  the 
water  may  be  poured  off  in  an  hour  or  more.  This  leaves  quite  a  thick 
mixture  of  even  consistency,  as  sliown  under  the  microscope.  It  should 
be  free  from  saud,  which  would  collect  in  patches  in  the  bottom  of  tbe 
jars  and  interfere  with  the  working  of  the  eggs. 

It  is  very  necessary  that  the  muck  be  now  thoroughly  cooked  or 
scalded,  otherwise  infusoria  will  develop  on  tbe  eggs,  causing  much 
inconvenience  and  some  loss.  Finally  tbe  innck  is  drained  off,  dried  in 
any  desired  fonn,  and  held  ready  for  use.  It  should  be  preparetl  before 
the  egg-colteutiug  season  begins.  Tbe  screen  is  about  '20  inches  by  3t> 
inches  and  is  made  by  tacking  to  a.wooden  frame  a  fine  wire  cloth  of 
40  meshes  to  an  inch.  Tbe  finest  mesh  that  will  let  small  particles  of 
muck  tlirongh  is  best.  The  cloHi  is  bagged  down  somewbiit,  with  tbe 
tack  heads  np,  in  order  to  present  a  smoother  surface  for  the  quick 
cleaning  of  the  screen. 

PENNING   FIKll, 

The  plan  of  holding  in  pensaduit  fish  taken  prior  t<>  the  spawning  sea- 
sou  has  been  tried  with  pike  perch  as  well  as  with  wliitelisb.  This  is 
done  to  insure  a  sufficient  and  delinite  number  of  spawners,  the  collec- 
tion of  which  during  the  spawning  season  is  soirietimes  interfered  with  by 
stormy  weather  or  other  causes.  Contrary  U>  what  would  ha  naturally 
expected,  the  pike  perch  is  much  more  dillicult  to  handle  in  this  way 
than  the  whitefish,  probably  owing  to  tlie  higher  teinjieraturo  of  tbe 
water  at  the  time  the  work  is  carried  on.  Fewer  can  be  transported  in 
tlie  tiinks  on  board  of  sh^amers  and  fewer  can  be  licld  iu  the  pens. 
Where  injuries  have  occurred  fungus  is  apt  to  set  in  inncli  earlier  than 
with  the  whitefish,  and  on  tbis  account  excessive  inro  is  necessary  in 
handling  pike  perch,  as  well  as  to  prevent  injury  to  eggs  in  the  ovaries. 
While  the  male  whitefish  can  be  held  and  used  over  for  two  or  three 
days,  the  pike  perch  can  be  use<l  but  once,  and  when  held  for  several 
days,  especially  late  in  the  season,  the  milt  comes  IVoni  Ihc  fish  thick- 
enetl  as  if  taken  from  a  dead  fish,  and  is  far  from  being  at  its  best. 

JIn 
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Pike  x>erch  are  obtained  in  the  same  manner  as  the  whitefish,  from 
the  pound  nets  of  the  fishermen.  They  are  sometimes  taken  directly 
into  the  tanks  on  board  the  steamer  from  the  pound  when  it  is  raised, 
but  more  often  are  dipped  into  supplemental  nets  by  an  employee  of  the 
Commission,  who  accompanies  the  fishermen  when  thepound  is  lifted,  and 
are  held  until  they  can  be  picked  up  at  leisure  by  the  steamer.  This 
permits  the  gathering  offish  from  many  nets,  while  if  they  were  taken 
directly  from  the  pound  only  one  lifting  boat  can  be  followed  at  a  time 
and  comparatively  few  fish  collected.  The  sup])lemental  nets  are 
placed  at  each  x>ound  net  where  fish  are  expected.  They  are  3  feet  in 
diameter  and  7  feet  in  depth,  and  are  held  open  at  ti>p  and  bottom  by 
rings  of  half-inch  iron,  the  bottoms  being  provided  with  puckering- 
strings  to  close  them.  The  top  ring  is  fivstened  to  the  out  haul  stake 
and  rim  line  of  the  pound,  the  lower  one  hanging  free  and  acting  as  a 
weight  to  hold  the  end  in  place,  and  also  serving  to  keep  the  net  open 
so  that  the  fish  will  have  plenty  of  room  and  not  be  scaled  by  chafing 
against  the  meshes.  When  thus  located,  the  supplemental  net  is  in  a 
convenient  position  for  receiving  the  fish  when  the  pound  is  lifte<l. 
Bowboats  transfer  the  fish  in  tubs  to  the  steamer,  where  they  are  placed 
in  tanks  and  transported  to  the  pens,  where  they  are  counted  and 
assorted  according  to  their  ripeness. 

The  pens  or  live-boxes  used  in  the  pike-perch  work  are  the  same  as 
those  used  for  whitefish.  Stationary  live-boxes,  supported  by  piling, 
have  been  used,  but  as  the  water  at  Put-In  Bay  becomes  too  warm  for 
this,  the  boxes  are  now  made  so  that  they  can  be  towed,  like  a  raft,  into 
open  waters  where  the  current  is  more  vigorous  and  the  temperature 
more  uniform.  Another  advantage  gained  by  this  method  is  that  an 
equal  depth  of  water  is  maintained  in  the  live  boxes,  the  rise  and  fall 
in  this  section  varying  from  4  to  5  feet  in  a  single  day,  according  to 
the  direction  and  velocity  of  the  wind  and  the  atmospheric  pressure. 
The  boxes  are  10  fei*t  long,  8  feet  wide,  and  8  feet  deep,  divided  into 
two  equal  compartments  8  feet  sciuare,  provided  with  false  bottoms 
controlled  by  standards  running  in  guides  at  the  ends.  The  standards 
are  pierceil  by  inch  holes  at  intervals  of  G  inches,  so  that  the  false 
bottoms  may  be  held  at  any  desired  place. 

The  pens,  in  groups  of  five,  are  fastened  end  on  between  booms,  and 

the  whole  thus  forms  a  raft.    The  booms  are  made  of  4  by  8  hemlock 

joists,  2  feet  apart  on  the  outside,  trussed  at  frequent  intervals  by 

diagonal  cross  braces  and  ties,  on  top  of  which  are  placed  two  tiers  of 

1-foot  wide  hemlock  planks,  thus  making  the  booms  when  completed 

52.feet  long,  2  feet  wide,  and  I  foot  deep,  and  quite  strong  and  rigid, 

capable  of  withstanding  seas  of  considerable  violence.    At  each  end 

and  between  all  the  crates  are  placed  2-foot  plank  walks,  giving  ample 

room  for  working  on  all  sides,  which  is  a  great  convenience  in  handling 

fish  and  procuring  eggs,  especially  in  stormy  weather.    The  pens  are 

now  made  of  boards  .'J  inches  wide,  nailed  IJ  inches  apart,  which  gives 

sufficient  space  tor  free  circulation  of  water.     The  lumber  is  dressed 
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on  all  sides  and  all  inside  loruers  are  rounded,  as  the  lisL  iuiure 
tlieir  noses  on  Bqiiare  corners  in  tlieir  attempts  to  escape.  All  parts  ol' 
tbu  pens  nxrv  inter(.'bnngi.-nbk'  and  easily  taken  down  (or  storage,  being 
held  in  place  by  ■t-iiifli  log  bolts.  Tlie  pens  are  fastened  i<i  tUe  booms 
by  log  bolu  l>  incbL-s  long, 

Mticli  depends  on  tlie  work  of  transporting  either  wiiitetish  or  pike 
perch  from  the  net«  to  the  jwoh,  not  only  in  moving  the  lish  with  the 
least  jrossible  injury,  but  in  the  saving  of  time,  so  that  greater  numbers 
may  be  penned  aud  the  riak  of  holding  the  fish  in  the  sapplemental 
iiet«  may  be  minimized.  Tow  ears  have  been  used,  bnt  they  retard  the 
speed  of  the  steamer  fully  one-half,  and  tanks  on  the  decks  of  the 
Bteamero  have  therefore  been  adopted.  It  is  better  to  have  several 
amaller  tanks  than  one  large  one,  as  the  tish  can  be  dipped  aiore  readily 
from  tlie  small  tank-i  aud  the  water  ia  not  so  violently  agitated  during 
rough  weather,  A  convenient  size  is  aboat  G  feet  long,  i  feet  wide,  and 
3  feet  deep.  The  tank  has  two  lids,  submerged  abont  an  inch,  arranged 
t4)  opeu  uroaawise  of  the  center  and  held  by  liiga  l>elow  iind  by  pins 
above.  The  lids  are  madeof  3-iiich  boards  nailed  Urmly  upon  cit-ats  on 
the  upper  side,  with  aboat  i-ineh  space  intervenuig.  This  prevents 
slopping  in  any  weather  when  fish  should  be  haudled.  The  tank  is 
smooth  aud  it  has  no  obstructions  inside.  A  2-inch  hole  at  the  bottom 
at  one  end  is  provided  tor  drawing  ott'  water,  and  one  of  the  same  size 
within  ;i  inches  of  tin.'  top  for  an  ovt-rllow,  when  I'resli  water  is  being 
added.  Fresh  wat«r  must  be  furnished,  varying  as  to  the  number  of 
fish.  This  can  be  supplied  with  a  "donkey  imnip,"'  the  hose  being 
carried  from  one  tank  to  another  as  required.  \\'ith  three  tanks  of  the 
dimensions  given  above,  six  or  seven  hundred  jiikf  pcrili  of  average 
size  can  be  transporter!. 

For  coating  these  tanks  inside,  as  well  !is  all  tank,s  and  tniii<;lis  about 
the  hatchery,  coal  tar  with  about  onu-tJiird  its  bulk  oi'  }:o(id  s])irLts  of 
turpentine,  free  from  benzine,  is  applied  as  hot  as  it  cmii  be  made. 
This  forms  a  smooth,  hard,  strong,  impervious  roat  whii'li  lasts  well, 
and  is  cheaper  than  asphaltum  varnisb. 

The  use  of  a  proper  dip  net  in  handling  the  lisli  is  uf  great  iiupor- 
tance.  The  sjditting  of  tins  and  removing  i>f  si^ales  is  u>  be  avoide<l  as 
fur  as  imssible  where  any  species  of  fish  is  to  l>c  iiciincil.  The  scales 
of  the  pike]ierch  are  not  so  easily  abraded  as  thosi-  of  the  wliitefish, 
but  it  sulfers  even  more  as  the  result  of  injuries,  owinj:  to  the  higher 
temperature  of  the  water  at  the  time  it  is  penned.  The  ideal  net  would 
be  uiade  of  colferdam  rubber  of  suitable  tlnekness,  perlorated  at  Ire- 
(jueut  intervals  so  as  to  permit  the  free  discbai'f;e  ol'  the  waier^that  is, 
a  rubber  net — but  where  many  are  riecessarily  in  use  and  subject  to 
rough  haiuiling,  especially  in  freezing  weather,  their  expense  \v<iuM  be 


MANUAL   OF   FI8H-CULTUBE.  179 

into  an  ash  handle  about  6  feet  long.  The  bag  is  of  cider-presB  doth 
(which  is  made  of  large,  soft  twisted  thread,  loosely  woven),  with  each 
alternate  thread  over  a  considerable  space  in  the  center  of  the  net 
pnlled  oat.  The  bag  is  fastened  to  the  hoop  with  small  copper  wire, as 
twine  is  soon  cat  off  in  working  aroand  the  nets  and  pens.  The  bag 
of  the  net  is  8  or  10  inches,  for  if  mach  more  is  given  it  will  let  the  fish 
form  a  pocket  against  the  wire  and  prevent  an  easy  discharge. 

Netting  with  a  1-inch  mesh  and  large  thread  has  proved  to  be  a  fail- 
ure, the  tails  of  many  fish  being  split  by  it.  It  is  believed  that  netting 
with  a  very  small  mesh  and  the  largest  thread  that  can  be  woven  will 
do  the  work  well,  the  greatest  objection  being  the  knots,  which  iiyure 
tender  species. 

A  frame  made  like  a  stretcher,  with  gunny  cloth  tacked  on  in  such  a 
manner  as  to  bag  about  2  feet,  is  convenient  for  holding  fish  preparatory 
to  spawn-taking.  It  should  be  about  0  feet  long  and  3  feet  wide,  making 
the  bag  3  by  4  feet,  with  handles  1  foot  long  at  each  end. 

A  gate  made  of  light  stuff  as  long  as  the  pens  are  wide  (8  feet) 
and  2  feet  deep,  covered  by  ordinary  netting  drawn  taut  and  fastened  by 
small  staples,  is  useful  in  sorting  the  fish  in  the  pens.  The  false  bottom 
is  lifted  and  fastened  in  place  with  the  pins.  Thei'e  will  now  be  about 
a  foot  of  water  over  the  floor  and  1  foot  of  the  top  of  the  pen  will  be 
out  of  water.  Beginning  at  one  side  the  gate  is  gently  moved  along  until 
the  fish  are  all  confined  in  a  sufficiently  restricted  space.  They  are 
sorted,  the  ripe  fish  placed  in  the  <' stretcher,"  preparatory  to  stripping 
them,  the  medium  in  a  tub  to  be  taken  to  the  proper  pen,  and  the  hard, 
which  it  is  assumed  will  be  in  the  majority,  are  put  back  over  the  gate 
into  the  same  ])en  they  were  taken  from. 

The  pens  are  numbered  and  a  careful  memorandum  kept  of  the  fish, 
the  number  of  males  and  females  received  from  and  turned  back  to  the 
fishermen  each  day,  the  number  stripped,  and  the  number  in  each  pen. 

All  unnecessary  noise  near  the  pens  must  be  avoided,  especially  jars 
or  discharge  of  firearms,  and  no  one  should  go  near  them  except  in 
the  performance  of  duty.  The  quieter  fish  are  kept  and  the  less  and  the 
more  gently  they  are  handled  the  greater  the  chances  of  procuring  a 
large  number  of  good  eggs,  while  the  opposite  course  will  cause  many 
*^ plugged'^  females  and  failure  generally.  In  transferring  the  fish  firom 
one  net  or  receptacle  to  another  it  is  preferable  to  handle  only  one  at  a 
time,  except  when  they  are  small. 

Fish,  particularly  females,  taken  from  a  depth  of  from  «}0  to  35  feet, 
often  come  to  the  surface  of  the  water  in  the  pens  and  can  not  descend, 
owing  to  the  expansion  of  air  in  the  swimming  bladder.  The  pressure 
may  be  relieved  without  injury  by  inserting  a  small-sized  aspirating 
needle,  at  an  angle  of  about  45^,  through  the  flesh  of  the  fish  into  the 
bladder,  about  halfway  between  the  middle  of  the  spinous  dorsal  and 
the  lateral  line.  The  air  can  be  heard  escaping  and  when  the  sound 
ceases  the  needle  may  be  removed. 


MISCELLANEOUS   FRESH-WATER   FISHES. 


Besides  the  fi*e8h-water  and  anadromous  fishes  considered  in  the  fore- 
going chapters,  a  number  of  others  have  been  artificially  cultivated, 
indnding  some  species  introduced  from  Europe.  The  special  methods 
of  propagation  already  referred  to  are  in  general  applicable  to  all  fishes 
of  similar  character,  and  need  not  be  described  again  in  detail. 

MINOR   TROUTS. 

The  different  methods  of  hatching  the  eggs  of  the  various  members 
of  the  salmon  family  are  practically  interchange^tble,  so  that  in  con- 
sidering the  following  species  it  is  not  necessary  to  dwell  again  on 
flsh-cnltnral  processes. 

Several  varieties  of  the  black-spotted  trout  {Salmo  myhisa)  are  artifi- 
cially propagated.  This  fish  is  somewhat  similar  to  the  European  sea 
trout  or  salmon  trout  {Salmo  trutta)  and  in  parts  of  its  range  has  the 
same  half-migratory  habits.  It  is  widely  distributed,  very  abundant, 
and  subject  to  great  variation  in  color  and  structure.  It  is  found  from 
Alaska  to  Mexico  in  the  streams  of  the  Coast  Range,  Sierra  Nevada,  and 
Bocky  Mountains,  and  in  some  lakes  in  the  same  regions.  It  attains  a 
wefght  of  over  30  pounds,  although  the  average  is,  of  course,  much  less. 

Among  the  varieties  whose  eggs  have  been  artificially  hatched  are 
the  Lake  Tahoe  trout  or  Truckee  trout  {Salmo  mykiss  hensJuiwi)^  which  is 
extensively  propagated  by  the  California  Fish  Commission  at  hatcheries 
on  Lake  Tahoe;  the  Colorado  River  trout  (iSaZtno  mykisa  plenritioua), 
and  the  yellow-fin  trout  {Salmo  mykiss  maodonaldi),  both  of  which  are 
cultivated  by  the  U.  S.  Fish  Commission  at  its  station  at  Leadville, 
Ck>lorado.    All  of  these  species  are  handsome  game  and  food  fishes. 

In  the  vicinity  of  Leadville  the  spawning  season  extends  from  May  1 
to  July  15.  The  eggs  are  hatched  in  the  same  troughs  and  under  the 
same  conditions  as  those  of  the  brook  and  rainbow  trouts.  In  water 
ranging  from  42°  to  60°  and  averaging  about  62°  F.,  the  eye-spots 
appear  in  20  days  and  hatching  ensues  in  30  to  45  days. 

The  Scotch  lake  trout,  or  Loch  Leven  trout  {Salmo  trutta  levenensis), 
and  the  European  brown  trout  or  brook  trout,  or  Von  Behr  trout  (iSa/mo 
fario)^  were  introduced  by  the  Fish  Commission  a  number  of  years  ago, 
and  have  been  widely  distributed  in  the  United  States.  They  are  now 
propagated  in  many  States  from  eggs  taken  from  brood  fish  retained 
in  ponds.    At  Northville  the  spawning  season  of  these  fish  is  the  same 

isi 
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iitt  lliat  of  tlie  brmik  trout.  Tbeir  c-gga  ary  tuttiiewhat  larger  tliaii  those 
of  the  latter  fish,  hut  thi^y  »ro  Imiidleil  in  the  same  way,  the  jirogresB 
of  ioeubatioii  is  Kimilar.  luiil  thu  fry  are  feil  on  the  fame  materials, 

Bmall  numbers  of  the  EnroiK-aii  sea  trout  or  Ralmon  trnnt  (SaJmo 
tnttta)  have  also  been  propni^ated  at  Craig  Brook  and  other  stations, 
auil  have  been  reared  to  full  mutiirity  in  pondH.  The  Swis.s  hike  trout 
of  Lake  Geneva  ( Salntti  Icmanmi)  has  been  spanugly  propagated  in  the 
United  States  and  h an  been  introduced  into  some  of  the  Adirondack 
lakes  and  other  suitable  waters. 

The  European  charr  or  saibling  {Saheltiiuti  alpititui)  has  been  propa- 
gated on  a  small  scale  from  eggs  taken  l>om  pond  Qsh,  n-hiirh  lu  turn 
were  hatched  from  eggs  sent  from  Switzerland.  This  s|ieoies  is  similar 
to  the  brook  tront  and  other  native  charrs,  and  it«  eggs  are  subjected 
to  the  same  methods. 

The  representative  nf  the  saibling  found  in  certain  New  England 
^^B  lakes,  known  as  the  Sunapee  tront.  or  golden  trout  (SalveJinus  alpinut 
^^B  aureoiuti),  has  also  received  some  attention  from  flsh-onlturists. 


THE  LAKE  HERRING  AND  OTHER  WHITEFISHES, 

While  the  common  whitefish  is  the  only  member  of  the  tribe  that  has 
received  much  attention  from  tish-culturists,  it  is  probabli'  tliat  several 
other  spetries  of  whitefish  will  in  time  be  extensively  propiigated.  The 
lake  herring  (Arijyroiiomus  artedi)  has  alrcaily  been  artilicially  hatched 
to  a  limited  extent  at  Put-in  Bay  station,  and  the  long-jaw  or  blost«r 
[Argyrosamwi  prognathus),  the  bluefiii  or  blackfiii  (.1.  nifirijrinnin),  the 
tullibee  {A.  tiilHbee),  and  others  will  doubtless  becoine  the  subjects  of 
flsh-cultural  work  in  certain  lakes.     The  eggs  of  all  tlii-se  lish  can  bo 
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absence  of  arch  on  back,  etc.  It  is  the  most  abandant  of  the  white- 
fishes,  being  especially  nnmerons  in  lakes  Erie,  Michigan,  and  Huron, 
and  larger  quantities  are  taken  each  year  than  of  all  other  species 
combined.  The  average  length  is  12  to  14  inches  and  the  average 
weight  is  under  a  pound,  although  a  maximum  weight  of  3  or  4  pounds 
is  attained.  The  fish  is  generally  known  as  "  herring"  but  has  numer- 
ous other  names,  among  which  are  cisco,  blueback  herring,  greenback 
herring,  gray  back  herring,  and  Michigan  herring. 

The  spawning  season  of  the  lake  herring  begins  somewhat  later  and 
terminates  sooner  than  that  of  the  whitefish.  The  eggs  are  procured 
and  hat<!hed  in  the  same  manner  as  are  those  of  C.  clupei/ormiSj  and 
require  about  the  same  time  for  incubation,  namely,  4  to  5  months, 
depending  on  the  temperature  of  the  water.  The  eggs  are  smaller  than 
those  of  the  common  whitefish,  70,000  making  a  fluid  quart. 

These  two  species  are  readily  hybridized  artificially.  The  milt  of 
either  species  will  impregnate  the  eggs  of  the  other  as  effectively  as  if 
there  were  no  cross  fertilization.  Large  specimens  of  apparently  hybrid 
fish  of  this  character  have  been  obtained  in  Lake  Erie.  The  use  of 
milt  of  the  lake  herring  for  impregnating  whitefish  eggs  is  resorted  to 
only  when  the  eggs  would  otherwise  be  lost. 

The  round  whitefish  or  menominee  {Coregonus  quadrilateralis)  is 
propagated  by  the  New  York  Fish  Commission.  It  is  very  widely 
distributed,  ranging  from  New  Brunswick  to  Alaska,  and  is  abundant 
in  some  of  the  Adirondack  lakes,  where  its  eggs  are  taken  and  hatched 
in  comparatively  large  numbers.  It  rarely  exceeds  a  pound  in  weight, 
but  its  food  qualities  are  good,  and  it  is  taken  for  market  in  considerable 
quantities  in  lakes  Huron  and  Michigan. 

In  the  New  York  lakes,  where  the  fish  is  known  as  the  frostfish,  the 
spawning  season  is  from  the  middle  of  November  to  the  early  part  of 
January,  although  the  period  in  any  one  lake  is  less  prolonged.  The 
eggs  are  buoyant,  nonadhesive,  and  ^  inch  in  diameter;  the  average  per 
fish  is  3,500,  but  12,000  have  been  taken  from  a  IJ-pound  fish.  In  the 
very  cold  water  of  these  lakes  the  incubation  is  protracted,  being  150 
days  with  the  water  at  33^  F.    The  sac  is  absorbed  in  10  to  20  days. 

THE    MUSKELLUNGE. 

The  muskellunge  (Lucius  masquinongy)  is  the  largest  representative 
of  the  pike  family.  Its  maximum  weight  is  about  80  pounds  and  its 
average  weight  25  or  .'^0  pounds.  Its  range  includes  the  Great  Lakes, 
Upper  Mississippi  Valley,  Ohio  Valley,  and  lakes  in  Wisconsin,  Minne- 
sota, New  York,  Ontario,  and  elsewhere.  It  is  much  sought  by  anglers 
an<l  is  of  some  value  as  a  food  fish.  Being  provided  with  a  very  large 
mouth,  armed  with  strong,  formidable  teeth,  its  food  consists  chiefly  of 
living  fish,  which  it  captures  by  making  sudden  darts  from  its  place  of 
concealment  among  the  water  plants  at  the  bottom  of  a  lake  or  stream. 

This  fish  is  artificially  pro^iagated  by  the  New  York  Fish  Commission 
at  Chautauqua  Lake.     Upward  of  3,000,000  fry  are  sometimes  hatched 
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in  a  year.  The  eggs  me  tukeu  from  fish  caught  iu  the  lake,  and  are 
hatched  in  sutiinergecl  boxes,  provided  with  double  wire-mesh  tops  and 
bottoms.  Tlie  eggs  are  tiimihir  to  whiteflsh  eggs,  being  semibuoyaut 
and  DonadhesiTe.  A  ^'J^J -pound  fish  has  beeu  known  to  have  ovaries 
veighiug  5  pounds,  and  a  35-pouud  fish  has  yieldwi  L'(>.5,000  ripe  eggs. 
Spawning  takes  phice  iu  May,  in  shallow,  graasy  places.  The  eggs 
are  about  ,\  of  an  inch  in  diameter  and  namber  74,000  to  the  quart. 
About  97  per  t^^ent  of  the  eggs  impregnated  are  hatched.  With  the 
water  temperature  at  65°  F.,  hatching  ensues  in  15  days,  the  yolk-sac 
being  absorbed  in  the  same  time.  The  fry  are  very  helpless  when  first 
hatched. 

Owing  to  the  extremely  voracious  babits  of  the  muskellunge,  great 
caution  Hhould  hi-  exercised  in  distributing  the  fry,  which  should,  as 
a  general  practice,  be  placed  only  in  those  waters  in  which  the  flsh 
already  Bsists. 

THE   YELLOW   PERCH. 

I  The  yellow  perch  (/•erca^fldcesoeiw),  known  also  as  ringperch,  striped 
percli,  and  raccoon  perch,  isoneof  the  most  strikingly  marked  and  best 
known  fresh-water  fishes  of  the  Atlantic  and  North-central  States.  It 
is  commonly  regarded  as  the  type  of  the  spiny  rayed  fishes  and  in  some 
systems  of  classification  is  given  the  first  place  among  fishes. 

The  general  body  color  is  golden  yellow,  the  back  being  greenish  and 
the  bellypale;  six  or  eight  broad  verti  al  blackish  bars  extend  from  the 
back  nearly  to  the  median  line  of  abdomen ;  the  lower  fins  are  largely 
bright  red  or  orange,  most  highly  colored  in  the  breeding  male;  the  dor- 
sal fins  are  dull  greeni.sh.  The  body  is  eIongate<I,  back  arched,  mouth 
large  and  jirovided  with  bands  of  teeth  on  Javrs,  vomer,  and  palate. 

It  is  found  from  Nova  Scotia  to  North  ('arolina  in  coasttt-ise  waters, 
throughout  the  Great  Lukes,  and  in  the  Upjier  Mississippi  Valley,  and 
in  most  parts  of  its  range  is  very  abundant.  Through  the  cfiortsof 
the  Commission  it  has  been  very  successfully  introduced  into  lakes 
in  California,  Washington,  and  other  Western  Slates,  and  is  now  met 
with  regularly  in  the  markets  of  some  of  the  cities  of  that  region- 

The  usual  length  of  the  yellow  perch  is  less  than  IU  inches,  and  its 
average  weight  is  under  a  jMiund.  It  is  a  food  fish  of  fair  i|u;ility,  and  is 
taken  for  market  iu  very  lurge  quantities  aniuially  in  the  ^liddle  States 
and  Great  Lakes,  fyke  nets,  gill  nets,  seines,  traps,  and  lines  being  used. 
The  vahie  of  the  output  is  over  $300,000  yearly,  more  than  a  third  of 
which  sum  represents  the  fishery  in  the  Great  Lakes.  It  bites  readily 
at  the  baited  hook  and  is  caught  in  large  quantities  by  anglers. 

Artificial  projiagation,  in  the  fnll  sense  of  the  term,  has  not  been 
attempted  with  the  yellow  perch.  The  eggs  have  neither  been  artifi 
■ially  taken  nor  artilicJally  imiiregnated,  but  (lie  ItohiI  lish  li;ivc  been 


MANUAL  OF  FI8H-CI1I.TURB.  186 

The  fish  is  bo  abundaDt,  however,  aud  the  supply  bo  well  loaintaiued 
tiiat  flsh-cultural  work  in  its  behalf  is  uot  uow  generally  required. 

This  fish  spawuB  in  lute  winter  and  early  spring  in  the  fresh  waters 
of  the  coast  rivers  aud  in  the  Great  Lakes.  In  the  Potomac  River 
spawuitig  takes  place  in  Febrnary,  March,  and  April.  The  water  tem- 
peratare  at  which  spawning  begins  is  about  44°  F.,  while  49°  seems  to 
mark  the  maximum  limit  This  narrow  range  of  temperature  which 
bounds  the  spawning  act  is  somewhat  noteworthy. 


The  eggs  of  the  yellowperch  are  among  the  most  remarkable  that  have 
been  artificially  hatehed.  The  spawn  is  in  one  piece,  a  mucli  elongated 
ribbon-like  stmctnre,  of  a  semitransparent  ligbt-grayish  color.  One 
end  of  the  large  egg  mass,  corresponding  to  tbe  anterior  part  of  the  roe, 
is  larger  than  tbe  other,  and  is  bluntly  forked.    Tbe  string  is  very  long, 


Part  of  a  receutly-Uid  masB  of  yellow  perch  egg*. 


bat  may  be  much  compressed  lengthwise  by  virtue  of  its  arrangement 
in  regular  transverse  folds  like  tbe  sides  of  a  bellows  or  accordeon. 
When  deiwsited  tbe  eggs  are  in  a  loose  globular  form,  and  after  being 
fertilized  and  becoming  "water- hard"  tbeir  mass  rapidly  becomes  many 
times  larger  than  tbo  fisb  which  laid  tliem.  Tbe  length  of  the  strings 
is  &om  2  to  more  than  7  feet,  depending  on  the  size  of  the  fteh.    One 
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iU]Uiiritim  at  Wiisliiiigtoii  dcjiostled  a  string  of  eg^a  88  iuclies 
long,  i  iiiclios  wiilu  at  oue  end  and  'J  iit  tlie  utiipr,  whose  weiglit  after 
fertilizHtion  was  41  ouuocs  avoirdupois,  wbile  the  weight  of  the  fisb 
before  the  escape  of  the  eggs  wun  oiily  'i4  ounc^ia, 

A  cavity  esterids  the  whole  length  of  the  egK  mass,  its  wnlU  being 
formetl  by  the  delicate  membrane  iu  which  the  eggs  are  imbedded.  The 
cavity  is  almost  closed,  small  apertures  oei^orring  irreguhirly.  which 
have  the  appearance  of  being  acci<lental,  bat  may  be  natural,  in  order 
to  permit  the  circalation  of  water  on  the  inside  of  the  mass. 

The  egg-Htring  is  quite  light  and  resilient  or  epi-ingy,  the  least  agita- 
tion of  the  water  causing  a  quivering  motion  of  the  whole  ma.ss. 

Tiie  diameter  of  the  egg  ia  t*,  in«h.  The  quantity  can  not  be  easily 
measured,  but  the  number  is  approximatuly  2S,0IHI  to  a  quart. 

The  best  method  of  securing  the  spawn  is  to  phicc  matnre  lish  of 
both  sexes  in  suitable  tanks  with  running  water.  The  females  selected 
should  be  those  whose  ext(.'mal  appearance  indicates  that  the  eggs 
are  still  undeposited.  Spawning  takes  place  at  night,  and  the  eggs  are 
naturally  fertilized.  Under  proper  conditions,  it  is  the  exception  to 
find  unfertilized  eggs.  In  the  morning  the  eggs  are  transferred  to  the 
batching  apparatus. 

The  eggs  of  this  fish  have  been  hatched  at  difleient  stations  of  the 
Commission.  One  season,  at  Central  Station,  Washington,  D.  C,  13<) 
ripening  females  and  abimt  an  equal  nnmber  nf  males  taken  from  the 
Potomac  were  placed  in  aqnarium  tanks  supplied  with  water  from  the 
city  water- work 8.  Spawning  began  Mareh  10  and  continued  till  April  3, 
and  98  strings,  containing  nearly  1,0<)0,000  eggs,  were  deimaited. 

The  eggs  are  hatched  in  the  autoiuatic  shad  jar,  jirovided  with  a  cap 
of  fine-meshed  wire  netting;  the  usual  intiow  tube  is  retained,  but  the 
siphon  tube  is  withdrawn,  the  water  escaping  over  the  top  of  the  Jar. 
The  amount  of  water  circulation  is  not  great  enough  to  force  the  mass 
of  eggs  to  the  upper  part  of  the  jar  or  to  give  much  motion  to  them. 
They  are  lighter  than  shad  or  whitefish  eggs,  find  when  put  in  rapid 
motion  to  dislodge  adhering  sediment  thoy  wouhl  Wog  the  outlet  tube 
if  the  ordinary  method  of  manipulating  this  jar  were  enq>]oyed. 

The  eggs  from  several  fish  may  be  pliwed  in  one  jar.  They  perhaps 
need  as  little  care  as  any  eggs  handled  by  fish culturists.  \Vlien  one 
string  of  eggs  or  one  lobe  of  a  string  dies  it  may  be  removed  with  a 
small  net,  or  the  entire  contents  of  the  jar  may  be  tunn-il  into  a  pan. 

The  period  of  hatching  varies  fi'oni  two  to  four  weeks,  according  to 
the  temperature.  As  the  fry  hatch,  tlu-y  jiass  over  into  tanks  jirovided 
with  screened  overflows,  where  they  are  held  till  planti'<l.  The  fry  are 
very  hardy,  and  may  be  readily  retained  in  aquaria  liii-  several  weeks. 
The  i>ercentage  of  eggs  hatched  is  large.     From  one  lot  of  yjj,OtK), 
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THE    STRIPED  *BASS   AND   THE   WHITE   PERCH. 

The  Striped  bass,  or  rocktish  {Rocc^us  tineatus),  ranges  from  New 
Branswkk  to  western  Florida.  It  is  especially  abundant  from  New 
York  to  North  Carolina,  and  is  taken  in  large  quantities  for  market,  by 
means  of  seines,  gill  nets,  pound  nets,  and  lines,  on  the  coast  and  in 
the  bays,  sonnds,  and  rivers.  It  is  one  of  the  best  food-fishes  of 
American  waters.    The  annual  value  of  the  catch  is  about  $300,000. 

Through  the  efforts  of  the  Commission,  this  fish  has  been  introduced 
into  the  waters  of  California,  where  it  has  become  very  abundant;  it 
occurs  along  almost  the  entire  coast  of  that  State,  but  is  most  numerous 
in  San  Francisco  Bay  and  tributaries.  It  supports  a  special  fishery, 
and  the  estimated  catch  m  1807  was  about  1,000,000  pounds.  It  meets 
with  ready  sale,  and  is  one  of  the  most  popular  fishes  of  the  west  coast. 

The  8trii)ed  bass  attains  a  weight  of  over  100  pounds;  examples 
weighing  50  to  75  pounds  are  not  uncommon ;  but  the  usual  size  of  those 
taken  for  market  is  3  to  20  pounds.  Its  form,  size,  and  markings  make 
it  readily  distinguishable  from  other  fishes.  The  color  of  the  body 
is  light  silvery-green  above,  white  below,  with  seven  or  eight  blackish 
stripes  along  the  sides. 

The  striped  bass  passes  most  of  its  time  in  salt  water,  but  in  spring 
ascends  the  rivers  to  spawn.  Important  spawning-grounds  are  the 
tributaries  of  Albemarle  Sound,  Chesapeake  Bay,  Delaware  Bay,  and 
New  York  Bay.  The  eggs  are  sometimes  deposited  quite  near  the  ocean, 
in  brackish  or  salt  water.  The  number  that  may  be  deposited  by  a 
single  fish  is  immense;  a  fish  weighing  only  12  pounds,  caught  at  the 
mouth  of  the  Susquehanna  River,  in  May,  1897,  yielded  1,280,000  good 
eggs. 

The  commercial  importance  of  the  striped  bass  and  its  comparative 
scarcity  in  some  waters  in  which  it  formerly  abounded  make  its  culti- 
vation very  desirable,  and  its  eggs  have  been  artificially  impregnated 
and  hatched  on  several  occasions;  but  difiiculty  has  been  experienced 
in  finding  a  locality  where  ripe  eggs  can  be  regularly  taken  in  large 
quantities.  The  eggs  are  free,  transparent,  and  semi-buoyant,  about 
I  of  an  inch  in  diameter,  and  have  a  very  large  oil-globule.  In  quiet 
water  they  gradually  sink  to  the  bottom  of  a  vessel  and  remain  there, 
but  a  very  slight  agitation  of  the  water  causes  them  to  rise  and  remain 
in  suspension  for  some  time.    The  number  in  a  quart  is  about  24,000. 

The  automatic  hatching-jar  is  adapted  to  hatching  the  eggs  of  this 
fish.  At  a  mean  temperature  of  58^  F.,  the  hatching  period  is  about 
74  hours.  A  large  oil-globule  in  the  anterior  part  of  the  yolk-sac  causes 
the  younger  fry  to  assume  a  ]>erpendicular  position,  with  the  head  toward 
the  surface  of  the  water. 

The  white  perch  (Mor(yne  americana)  belongs  to  the  same  family  as 
the  striped  bass,  and  closely  resembles  it  in  range  and  habits;  but  it 
is  much  smaller  and  less  valuable  commercially,  although  one  of  the 
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choicest  of  pan  fishes.  Its  egga  are  depositetl  abont  the  Bame  time  and 
in  the  name  places  as  those  of  striped  ha^a  and  are  susceptible  of  the 
same  methods  of  hatching.  Hipe  fish  are  frequently  taken  in  ahad 
seines.  The  average  yield  of  eggs  per  Ash  is  aboat  40,000.  The  period 
of  incubatiou  is  like  that  of  the  striped  bass. 

THE  ALEWIVES   OR   RIVER   HERRINGS. 

The  alewivcs  or  river  hBrriiigB  haw  the  stppenrance  of  being  small- 
eleed  8ba<i,  but  on  close  insi)ection  will  be  seen  to  have  characters  which 
entitle  tbem  to  generic  distinction.  From  the  shad  {Alosa)  they  difier 
chiefly  in  having  the  cheeks  longer  than  deep,  fewer  and  shorter  gill- 
rakers,  and  no  notch  at  the  tip  of  the  upper  Jaw,  They  also  closely 
resemble  the  coinmoii  sea  herring  {Clupea),  but  may  be  distingaished 
fi'om  it  by  the  absenoe  of  teeth  on  the  vomer,  by  a  leas  elongate  body, 
and  by  much  stronger  scutes  or  plates  along  the  ventral  edge  of  the 
body.  The  two  speiiies  of  alewives  so  closely  resemble  each  other  that 
they  are  otten  confounded  by  fishermen. 

The  brunch  herring  {Vomolobiit  pavuiiuharengus],  also  known  as  the 
branch  alewife,  gasperean,  wati-eyed  herring,  etc.,  has  a  rather  deep 
and  compressed  lM>dy  (the  depth  being  cttutained  Z\  times  in  length), 
a  large  eye,  and  a  pale  or  gray  membrane  (peritonenro)  lining  the 
abdoniin;il  mvity.  The  glut  herring  {Pomolohus  a-atipalis),  also  called 
hliLi-bai'lw  .siiwlii'liy,  kyaok,  .'^uniiner  Iterring,  etc.,  has  a  more  elongate 
body,  smaller  eye,  lower  fins,  and  a  dark  or  black  peritoneum. 

The  alewivos  are  the  most  abundant  food-fishes  of  the  east  coast 
rivers  and  rank  next  to  the  sbad  in  commercial  value  among  the 
anadromons  fishes  of  the  Eastern  States.  Both  species  range  along 
the  entire  Atlantic  coast  of  the  United  States,  but  the  glut  herring  is 
more  numerous  southwHrd  and  the  branch  herring  is  more  important 
in  New  England.  The  average  weight  of  each  species  is  one-third  to 
two-fiftiis  of  a  pound.  The  maximum  is  only  half  a  pound.  The  age 
at  maturity  is  three  or  four  years. 

There  is  an  alewife  fishery  in  every  coast  State  from  Maine  to  Florida, 
but  two-thirds  of  the  catch  is  taken  in  Maryland,  Virginia,  and  North 
Carolina,  Chesapeake  Bay  and  Albemarle  Sound  being  the  chief  cen- 
ters of  abuuddnce.  The  total  output  in  1896  was  (12,(M>(!,622  pounds, 
having  a  value  of  $459,598.  These  fish  usually  go  in  large  schools  or 
bodies,  which  are  often  of  immense  size.  Many  hundred  thousand 
have  frequently  been  taken  at  a  single  seine  haul,  and  they  have  at 
times  been  so  abundant  in  North  Carolina  and  elsewliere  as  to  crowd 
ont  shad  and  other  fish  and  cause  a  suspension  of  shad  tishiug. 

Besides  furnishing  food  for  man,  in  a  fresh,  pickled,  and  smoked  con- 
dition, alewives  are  consumed  in  large  quantities  by  other  food-fishes, 
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water  rivers  is  wholly  for  the  purpose  of  spawning.  The  time  of  their 
arrival  in  a  given  place  is  quite  constant  from  year  to  year.  The 
branch  aiewife  precedes  the  summer  ale  wife  by  three  or  fonr  weeks, 
and  also  arrives  several  weeks  before  the  shad.  The  run  of  the  glut 
herring  occurs  during  the  middle  of  the  shad  season.  The  branch 
herring  ascends  the  small  streams  to  spawn,  often  entering  branches 
only  10  feet  wide  and  not  more  than  6  incbes  deep.  After  spawning, 
very  little  is  known  of  the  habits  of  the  fish  or  of  the  departure  from 
the  riversf  nor  has  their  winter  abode  been  ascertained. 

The  eggs  resemble  those  of  the  sea  herring  rather  than  of  the  shad, 
being  glutinous  and  adhering  to  brush,  stones,  piling,  and  other 
objects  under  water.  The  netting,  ropes,  and  stakes  of  traps  in  which 
the  fish  are  caught  are  often  covered  with  the  fertilized  eggs;  the  ale- 
wives  thus  have  a  great  advantage  over  the  shad,  and  to  this  fact 
must  largely  be  attributed  the  continuance  of  the  supply  in  the  face  of 
very  extensive  fishing  not  counteracted  by  artificial  propagation.  The 
eggs  are  about  ^  inch  in  diameter. 

There  has  been  no  effort  to  regularly  hatch  the  eggs  of  alewives 
artificially.  The  undiminished  abundance  of  these  fish  in  the  regions 
of  the  most  extensive  fisheries  has  made  their  artificial  propagation 
unnecessary.  In  the  New  England  States,  where  the  aiewife  is  an 
important  fish  in  many  of  the  smaller  towns,  the  supply  has  been 
maintained  by  constructing  fishways  which  permit  the  fish  to  reach 
their  spawning-grounds.  In  this  way  comparatively  small  streams  have 
annually  yielded  very  large  quantities  of  fish,  and  many  streams,  in 
which  the  aiewife  run  had  been  entirely  inhibited  by  obstructions,  have 
been  reopened  and  very  successfully  restocked. 

As  early  as  1871  the  eggs  of  the  aiewife  were  artificially  fertilized 
and  hatched,  and  those  of  the  branch  herring  were  similarly  treated  in 
1877.  Their  cultivation  presents  no  special  difiiculties,  and  can  be 
prosecuted  on  a  large  scale  whenever  it  becomes  necessary.  The  milt 
is  Irst  taken  in  a  pan,  and  then,  while  one  person  keeps  the  pan  in 
motion,  another  expresses  the  eggs;  this  prevents  the  eggs  from  mat- 
ting together  and  facilitates  the  contact  of  all  with  the  milt.  Eggs 
adhering  to  the  side  of  the  pan  may  be  removed  with  a  stream  of  water. 

The  automatic  shad  jar  is  the  proper  apparatus  in  which  to  hatch  the 
eggs,  which  are  treated  precisely  like  those  of  the  shad.  Sufficient 
water  is  supplied  to  keep  them  moving  freely  and  to  overcome  adhesion. 

The  alewives  are  much  more  prolific  than  either  the  shad  or  the  sea 
herring.  On  one  occasion,  in  the  Potomac  Kiver,  644  female  branch 
herring  yielded  66,206,000  eggs,  an  average  of  102,800  per  fish.  Prob- 
ably 100,000  may  be  taken  as  a  fair  average.  The  eggs  hatch  quite 
quickly  under  normal  conditions.  The  period  of  incubation,  in  water 
having  a  mean  temperature  of  60^  F.,  is  6  days.  The  fry  are  very 
minute.  They  are  planted  at  the  same  time  and  in  the  same  manner 
as  shad  fry.  Those  in  the  rivers  and  lakes  attain  a  length  of  2  to  3 
inches  by  the  time  they  move  toward  salt  water  in  the  fall. 
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THE  SMELT. 

This  fish  I  Onmeru*  mordoj)  ia  propagate*!  by  the  New  York  Fish  Com- 
Bissinii  at  its  station  iit  ('old  Spring  Harbor,  Long  Island.  As  a  food- 
fish,  it  is  held  iii  iiigU  este^tm,  the  flesh  being  delicate  and  of  exoellent 
favor.  Its  range  is  from  Maine  to  Virginia,  on  the  Unit«dStat«s  coast. 
It  is  of  economic  importance  in  all  the  States  between  New  York  and 
Blaine,  but  is  taken  for  market  in  largest  (^nantities  in  Maine.  The 
average  length  of  those  sold  i is  6  to  0  inches,  and  their  vreight  from  2  to 
4  ounces.  The  tish  enters  the  fresh-water  rivers  in  Jail  and  winter  for 
the  purpose  of  spawning  and  feeding  and  is  then  caught  with  lines  and 
□ets.    The  annnal  catch  is  ahont  1,700,000  pounds,  valued  at  1^125,000. 

The  smelt  spawns  in  spring,  in  either  fresh  or  brackish  wat«r  of 
riversor  brooks.  The  eggs,  which  are  adhesive,  are  attached  to  stones, 
weeds,  sticks,  or  other  objects. 

'Viu".  results  of  smelt  propagation  on  Long  Island  have  been  quit« 
narked;  not  only  has  there  been  a  largo  increase  in  the  catch,  but  the 
fish  have  ap[>eared  in  streams  where  they  were  previously  unknown. 
The  return  of  mature  tish  apparently  artificially  hatched  has  permitted 
the  taking  of  many  more  eggs  thau  was  at  lirst  jtosaible.  In  s  stream 
previonsly  destitute  of  smelts,  in  which  fry  were  planted  in  1885,  nearly 
83,000,000  eggs  were  collected  in  180i. 

The  eggs  are  O.O.'i  inch  iu  diameter  and  number  4!Hi,0(M)  to  the  tlnid 
qnart.  Smelt  weighing  only  2  ounces  yield  from  -l(),f>00  tii  .'jO.OOO  eggs. 
Some  fish  only  3  or  4  inches  long  are  full  of  spawn. 

The  flsh-cniturul  work  with  this  species  is  similar  to  that  with  the 
yellow  perch  and  llatflsh.  The  spawning  fish,  of  both  .lexes,  are  placed 
in  troughs,  which  are  covered  to  exclude  light.  The  eggs  are  naturally 
laid  and  fertilized,  and  become  attached  to  each  other  and  to  the 
troughs.  They  are  scooped  up  with  a  Hat  shovel,  platred  on  wire  trays 
in  water,  and  are  forced  through  the  meshes  of  the  trays  to  separate 
them,  the  o]>eratioii  being  repeated  if  they  are  not  sufBciently  separated 
at  first.  They  are  then  transferred  to  automatic  shad  .jars,  blanketed 
to  exclude  light,  which  is  very  injurious  to  them.  If  during  hatching 
the  eggs  form  into  bunches,  they  arc  rernoved  from  the  jars  ami  again 
passed  through  the  meshes  of  the  wire  trays. 

THE   GOLDEN    IDE. 

This  fish,  known  as  the  golden  ide  or  orfe  {Mus  tdm),  has  been 
introduced  into  the  Ignited  States  from  Ktirope  by  this  Commission. 
Although  a  foo<i-fish  of  fair  quality,  it  is  seldom  eaten  in  this  country, 
but  is  chiefly  used  for  ornamental  purposes.  Its  usual  length  is  about 
a  foot  and  its  weight  1  pound.  It  in  a  very  sJiowy  fish,  being  of  a  uni- 
form red  dish -gulden  or  silvery  color.    The  small,  weak  inoutli  restricts 
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water,  and  mast  have  a  very  abundant  growth  of  myriophyllum  or 
other  water  j^lants.  In  the  latitude  of  Washington,  I).  C,  spawning 
takes  place  in  April.  The  iish  makes  no  nest,  but  deposits  its  eggs  on 
water-plants,  gravel,  stones,  and  other  substances.  The  eggs  being 
adhesive,  like  those  of  most  cyprinoid  fishes,  become  attached  as  soon 
as  ejected,  and  so  remain  until  hatche<l.  The  eggs  are  about  ^  inch  in 
diameter.  They  are  extremely  tender,  and  it  is  iuiportant  that  at  the 
time  of  spawning  the  water  be  of  an  even  temperature. 

Under  favorable  conditions  the  eggs  develop  rapidly,  and  at  a  mean 
temperature  of  56*^  F.  hatch  in  5  or  6  days.  In  suitable  ponds,  with 
plenty  of  shade  and  a  healthy  growth  of  plants,  the  natural  food  that 
the  fry  will  secure  renders  artificial  feeding  unnecessary  for  a  month  or 
more.  After  the  fifth  or  sixth  week  the  young  may  be  given  small 
quantities  of  cooked  corn-meal  mixed  with  fiour.  They  take  finely 
divided  fish  flesh,  bivalves,  and  crayfish,  but  the  main  dependence 
should  be  on  the  corn  meal  fiour  mixture. 

At  the  end  of  six  months  the  young  have  attained  a  length  of  3  inches, 
and  in  a  year  are  6  iu'^hes  long.  Maturity  is  attained  at  an  age  of  3 
years. 

THE  STURGEONS. 

There  are  six  species  of  sturgeon  in  the  waters  of  the  United  States. 
The  common  and  the  short- nose  sturgeons  {Acipenser  sturio  and  A, 
brevirontris)  are  found  only  on  the  Atlantic  Coast,  ascending  rivers  to 
spawn.  The  white  sturgeon  and  green  sturgeon  {A.  transmontanus  and 
A,  medirostris)  inhabit  only  the  waters  of  the  Pacific  Coast.  The  lake 
sturgeon  or  rock  sturgeon  (A.rubicimdus)  exists  in  the  Great  Lakes, the 
Upper  Mississii)i)i  Valley,  and  other  northern  interior  waters.  The 
shovel-nose  sturgeon  or  white  sturgeon  (ScaphirhynchtM  platyrhynchua) 
is  found  in  the  Mississippi  and  other  streams  of  the  Southern  and 
Western  States. 

While  all  of  the  sturgeons  are  edible  and  caught  for  market,  the 
most  vahiable  species  are  the  common  sturgeon  and  the  lake  sturgeon, 
which  alone  have  been  artificially  propagated. 

The  catching  of  sturgeon  for  market  is  a  business  of  comparatively 
recent  origin.  A  few  years  ago  enormous  numbers  were  annually  killed 
and  thrown  away  by  salmon,  shad,  and  whitefish  fishermen,  to  whom  they 
were  of  no  value.  The  special  apparatus  employed  in  taking  sturgeon 
consists  of  gill  nets  and  set  lines,  but  many  are  caught  in  pound  nets, 
seines,  etc.,  set  primarily  for  other  fish.  The  principal  fisheries  are  in 
the  Great  Lakes,  Delaware  River,  and  Sacramento  River.  The  present 
yearly  value  of  the  yield  is  about  $3(M),000.  Very  important  secondary 
products  are  derived  from  the  sturgeon,  namely,  caviar,  isinglass,  and  oil. 

The  sturgeon  fishery  is  declining,  and  affords  a  remarkable  illuBtra- 
tion  of  the  comparative  facility  with  which  the  supply  of  river  and  lake 
fishes  may  be  exhausted  by  indiscriminate  fishing.    In  some  localitieB 
the  change  in  the  sturgeon  fishery  within  a  single  decade  has  been  ^ 
a  condition  of  great  abundance,  with  little  appreciation  of  thd 
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tlie  flsli,  to  active  proseciitimi  al'  the  fishery  witbont  regard  to  seaeoiii 
sge,  or  t*i>siwiiiiig  stiite,  rMtiilllti);  in  practical  exterini nation  and  the 
ta8])eiii<ioii  uf  fishing  (>{>«>ratioiis.  Considmng  the  entire,  conntry.  it  is 
Mtiniat«d  that  darloR  the  p&Ht  decade  the  decre^ise  in  the  Ktur^rnin 
catch  hiiH  t>e«'n  60  to  80  per  cent.  Much  of  f  be  docliue  in  some  places 
Ik  attribntable  tn  Ihe  destrnction  of  the  youDg.  which  linger  iiear  tfae 
njonthH  of  rivers  and,  becoming  entrapped  in  nete  and  pounds,  have  been 
killed  on  account  of  the  annoyance  cau8ed  the  fishermen. 

The  common  sturgeon  of  the  Atlantic  Coast  attains  a  weight  of  over 
600  pounds,  but  the  average  in  recent  years  ta  not  more  than  150  pounds. 
Tlie  lake  sturgeon  reaches  a  weight  of  about  200  pounds;  the  average 
at  the  present  time  is  00  pounds.  The  known  luuxiniuni  weight  of  tbt 
Paciflv  white  sturgeon  is  848  pounds,  and  those  weighing  ">00  pounds 
or  more  were  not  rare  in  the  Columbia  River  some  years  ^n,  when  the 
average  weight  was  fully  150  jrannde;  but  at  present,  us  »ell  ns  in  the 
Sacramento  Ulvcr,  the  average  in  much  less. 

The  spawning  time  of  the  sturgetiu  is  spring  and  summer.  When 
fully  mature,  the  ova  con«tituie  from  'M  to  30  per  cent  of  the  total 
weight  of  the  female.  When  ripe,  the  eggs  are  free  from  the  ovarian 
walls  and  lie  looAe  in  the  abdominal  cAvity.  The  number  of  eggs  pro- 
duced by  the  common  Atlantic  sturgeon  is  from  1,000,000  to  2,500,000. 
The  spawning  of  the  anadromous  species  takes  place  in  either  the  fresh 
or  brackish  waters  of  the  sti-eams.  The  lake  sturgeon  prefers  rocky 
ledges  near  the  ahures  of  lakoi).  Wlieu  dejiosited  naturally  the  eggs 
soon  become  glutinous  and  adhere  t«  sticks,  weeds,  brush,  and  other 
objects.    The  diameter  of  the  egg  is  ^  inch. 

The  culture  of  the  sturgeon  has  not  been  systematically  carried  on  in 
the  United  States  or  Caua<la,  althou^'h  the  time  seems  opimrtune  for 
rendering  aid  to  Uiiture  in  order  to  keep  uj;  the  8U)>ply,  Esperimcutal 
work  indicates  thiit  there  are  no  insuiuiountable  obstacles  iu  the  way 
of  extensive  artilicial  proi>agatiou,  although  the  work  presents  some 
unusual  difliculties. 

One  of  the  drawbacks  met  with  in  the  Atlantic  rivers  is  that  of 
obtaining  ripe  male  luid  Icnuile  flsh  simultaneously.  The  important 
tact  has  been  determined,  however,  that  both  eggs  and  milt  may  be 
cut  fnmi  live  or  recently  killed  flsh  und  fertili/.atioii  be  thus  successfully 
accomjilished.  lu  order  to  secure  the  milt,  ]iicces  of  testes  may  be 
obtained  and  the  milt  squeezed  therefrom  through  a  coarse  chith. 

A  large  proportion  of  the  females  tiiken  at  the  lishing  centers  are 
not  ready  to  spawn  when  caught,  and  their  retention  iu  the  crude  pens 
used  by  the  fishermen,  together  with  the  rough  handling  they  receive, 
appears  lo  render  their  e;;gH  iiicaiiable  of  fertilization.  The  successful 
penning'  of  the  flsh  pending  the  ripening  of  the  eggs  and  milt  woald 

;ally  aild  to  llie  snci'css  iif  ihis  work,  as  rlic  spawning  scsison  in  a 
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viscid  Id  about  20  minutes  after  fertilization  and  stick  together  in 
masses  of  various  sizes.  This  interferes  with  their  aeration,  lowers  the 
vitality,  and  leads  to  the  attack  of  iiingus.  The  practice  heretofore 
adopted  for  overcoming  this  condition  has  been  either  to  spread  the  eggs 
in  very  thin  layers  on  the  hatching  trays  prior  to  the  development  of 
the  adhesive  quality,  so  that  after  becoming  fixed  they  would  be  properly 
aerated,  or  to  stir  them  continuously  for  several  hours  in  order  to  over- 
come their  adhesiveness.  The  high  degree  of  success  attending  the 
hatching  of  the  glutinous  eggs  of  the  flatfish  and  the  wall-eyed  pike 
indicates  that  the  diflQculty  encountered  with  the  similar  sturgeon  egg 
may  be  readily  overcome.  By  gently  stirring  recently  fertilized  eggs 
with  a  mixture  of  dry  cornstarch  and  water  or  fine  swamp  muck  and 
water,  the  tendency  of  the  eggs  to  stick  together  and  to  other  objects 
is  avoided  through  the  partial  coating  of  the  individual  eggs  with 
particles  of  starch  or  dirt.  Other  substances  that  will  remain  suspended 
and  not  be  dissolved  In  water  can  doubtless  be  employed  to  advantage. 
Swamp  muck  is  probably  the  best,  because  cheapest  and  most  easily 
obtained;  2  quarts  of  it  may  be  mixed  with  10  gallons  of  water,  which 
will  be  sufficient  to  render  non-glutinous  about  3  gallons  of  eggs;  the 
same  proportion  of  water,  eggs,  and  cornstarch  is  recommended.  After 
being  transferred  to  the  hatching  station,  the  eggs  may  be  placed  under 
running  water  and  the  superfluous  foreign  particles  washed  away  before 
being  x^laced  in  the  hatching  apparatus. 

The  apparatus  used  in  hatching  sturgeon  eggs  has  been  chiefly  boxes 
placed  in  the  open  water  of  the  river.  The  glutinosity  being  overcome, 
there  seems  no  reason  why  hatching  may  not  be  conducted  in  the  auto- 
matic shad  jar  or  iii  other  modern  appliances. 

In  the  experimental  hatching  operations  many  eggs  have  been  lost 
through  attacks  of  fungus,  induced  by  the  character  of  the  apparatus 
employed.  The  use  of  floating  boxes  in  open  water  has  led  to  the  loss 
of  eggs  by  storms,  rough  water,  and  sudden  changes  of  temperature. 

The  incubation  period  is  about  7  days  in  water  having  a  temperature 
of  620  to  660  F.    The  outline  of  the  fish  appears  in  48  hours. 

The  question  as  to  whether  eggs  of  the  common  sturgeon  can  best 
be  hatched  in  fresh  or  brackish  water  is  not  yet  determined,  but  the 
indications  are  that  brackish  water  is  preferable.  One  reason  is  that 
the  eggs  are  less  liable  to  attacks  of  fungus  in  such  water. 

An  attempt  to  rear  artificially  hatched  sturgeon  at  Northville  was 
unsuccessful,  owing  to  the  failure  of  the  young  to  eat.  The  mouth  of 
the  sturgeon  fry  is  very  small,  and  the  food  is  largely  of  a  microscopic 
character,  consisting  of  unicellular  algae,  infusoria,  insect  larvae,  etc. 

In  Europe,  where  the  sturgeon  fisheries  are  vastly  more  important  than 
in  America,  the  results  of  experiments  in  sturgeo**  arcely 

been  as  satisfactory  as  in  this  country.    Noi 
nous  eggs  except  by  stirring  seems  to  ha' 
difficulty  has  been  found  in  obtaini: 
The  retention  of  fish  in  inclosores 
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THE  COD. 


DBSCBIPTION   OP  THE  FISH. 

The  |)ody  of  the  cod  is  moderately  long,  conipreased  and  tapering 
behind;  the  greatest  depth  is  about  one-fourth  its  length.  The  large 
head  is  narrowed  anteriorly  and  is  contained  3 J  to  4^  times  in  the 
body  length.  The  month  is  large;  the  lower  jaw  is  included  within 
fhe  upper  when  the  mouth  is  closed;  the  maxillary  extends  to  about 
middle  of  eye.  The  diameter  of  the  eye  is  about  half  the  lengtli  of  the 
BDont  and  one-fifth  that  of  the  head.  There  is  a  (conspicuous  barbel  on 
the  chin  The  number  of  dorsal  iiiis  is  3  and  of  anal  fins  2;  the 
dorsal  rays  are  usually  about  14,  21,  and  U)  in  the  resi)e(!tive  fins,  and 
the  anal  rays  are  20  and  18.  The  ventral  fins  are  well  developed,  with 
about  7  rays.  The  cycloid  scales,  with  which  the  body  is  covered,  are 
very  small.  The  air-bladder  is  large  and  thic^k.  The  color  varies 
greatly,  depending  on  food,  kind  of  bottom  on  which  found,  and  other 
conditions.  Fish  taken  offshoro  in  deej)  wator  are  usually  olivaceous 
atk  fhe  back  and  whitish  beneiith ;  the  so-called  rock  cod,  found  in  shoaler 
water  among  rocks  and  kelj),  vary  in  color  from  green  to  deep  red.  The 
back  and  sides  are  covered  with  small,  round,  reddish-brown  spots. 
The  lateral  line  is  (.*onspicuous,  of  a  whitish  color.    Tlie  fins  are  dark. 

From  other  species  of  the  family,  taken  in  the  same  waters,  the  cod 
is  readily  distinguished.  From  the  haddock  it  difi'ers  in  having  a  pale, 
instead  of  a  black,  lateral  line;  in  its  spots  (absent  in  the  haddock), 
and  in  its  larger  maxillary  bone,  which  rea(*hes  past  the  eye,  while  in 
the  haddock  this  bone  does  not  extend  to  the  eye.  The  features  dis- 
tinguishing the  pollock  from  the  cod  are  the  smaller  size,  the  projecting 
lower  jaw,  the  uniform  coloration  above,  the  sharp  snout,  the  smaller 
barl>el,  etc.  The  hakes  have  ordy  1  anal  and  2  dorsal  fins,  a  filamentous 
prolongation  of  the  first  dorsal  ray,  and  a  ventral  fin  consisting  of  two 
or  three  very  long  filamentous  rays. 

Tlie  status  of  the  cod  of  the  North  Pacific  Ocean  is  somewhat  uncer- 
tain. It  has  generally  been  considered  identical  with  the  Atlantic 
species,  but  its  smaller  air  bladder  and  other  features  may  entitle  it  to 
recognition  as  a  distinct  species. 

BANGE,  MOVEMENTS,   FOOD,  ETC. 

Cod  are  widely  distributed  in  the  North  Atlantic  Ocean.  To  the 
north  th(\v  range  far  beyond  the  Arctic  Circle,  and  to  tlie  south  as  far 
as  Cape  Uatteras,  although  they  are  not  common  south  of  New  Jersey. 
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The  cod  of  tbe  Sorth  Pacific  Uceau  is  found  I'rom  Bering  Sea  soath  to 
Oregon  and  Japan. 

The  movements  of  cxxl  are  Dot  well  underfltood.  Tliey  go  in  schools, 
bnt  in  much  less  dense  bodies  than  do  mackerel,  herring,  and  men- 
haden,  and  when  moving  from  one  gronnd  to  another  tliey  are  in  more 
compact  schools  than  when  ou  the  feeding- grounds  The  iitovemeutH 
i  OD  and  off  Khore  and  from  hiink  to  bank  are  due  to  seveial  causes, 
t  among  which  are  the  eft'e^ts  of  water  temperature,  the  presence  or 
absence  of  food,  and  the  spawning  instinct.  In  the  winter  months 
there  is  a  well-marked  movement  of  large  bodies  of  ccKlflsh  to  the 
shores  of  the  New  England  and  Middle  Stiites,  and  im]>ortant  fisheries 
are  there  carried  on  in  regions  from  which  cod  are  absent  at  other 
times.  This  movement  seems  to  be  chiefly  for  the  iiuri>ose  of  finding 
shallow  grounds  for  spawning.  Thut  the  cod  ^omelimes  makes  very 
long  journeys  is  shown  by  their  captare  on  the  New  Kngland  coast 
with  peculiar  hooks  in  their  bodies  which  have  been  identified  as 
similar  to  the  hooks  employed  by  the  French  cod  fishermen  on  the 
Grand  Banks. 

AlthoDgb  sometimes  found  in  shallow  water,  cod  are  essentially  deep- 
water  lish,  preferring  water  from  211  to  70  fathoms  deep  and  being 
fonnd  even  at  a  depth  of  300  fathoms.  Those  caught  for  market  are 
usually  taken  at  depths  of  20  t^)  40  fathoms. 

The  cod  takes  itn  food  on  the  bottom,  at  the  surface,  or  at  intermediate 
points.  It  is  an  omnivorous  and  extremely  voracious  feeder,  consuming 
all  marine  animals  of  snitiible  si/e.  Favorite  articles  are  bivalve 
mollusks,  crabs,  lobsters,  starfish,  and  tish.  Amou<;  the  fish  consiimetl 
in  large  quantities  are  cii]>eliii,  hint,  herring,  alewives,  menhaden, 
mackerel,  and  haddock,  although  many  others  are  also  eaten.  The 
abundance  and  movements  of  such  fish  have  an  important  relation  to 
the  presence  and  abundance  of  cod  iu  a  given  region. 

WEIIiHT    AND    CfROWTII    OP   COO. 

The  largest  cod  recorded  from  New  I'^ngland  waters  weighed  211J 
pounds  and  was  over  0  feet  long;  it  was  taken  on  a  trawl  ofl'  the 
northern  Massa<'hu setts  coast  la  May,  I80o,  The  cajtture  of  a  number 
weighing  from  100  to  17.'i  pounds  could  be  cited,  bnt  those  exceeding  100 
[Hmnds  in  weight  are  by  no  means  common,  and  even  7.">-piunid  cod  are 
not  numerous.  The  average  weight  of  the  liirge-siKe  cod  caught  in  the 
shore  waters  of  New  England  is  about  .1.1  pounds;  on  (ieorfjes  Bank, 
25  pounds;  on  the  lirand  liaiiksand  other  eastern  grounds,  t'O  pounds; 
the  average  weight  of  the  small-size  fishcanghton  all  these  grounds  is 
about  12  jiounds. 

Observations  in  Massachusetts  of  the  rate  of  growth  of  the  cod  show 
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SPAWNINa. 

The  principal  spawniDg  time  of  the  cod  on  the  New  England  coast 
is  winter,  bnt  the  season  begins  as  early  as  November  and  continues 
until  April.  Spawning  fish  are  occasionally  caught  from  October  until 
May.  The  spawning  period  for  an  individual  fish  is  greatly  prolonged, 
and  probably  covers  six  or  eight  weeks,  only  a  small  i>ercentage  of  the 
eggs  maturing  at  one  time.  The  male  and  female  cod  may  attain 
sexual  maturity  when  weighing  only  3^  or  4  pounds.  The  ages  of 
normal  fish  having  these  weights  are  supposed  to  be  three  to  four 
years. 

When  imi>elled  by  the  spawning  instinct,  the  cod  seek  the  shoal 
waters  of  the  coast  or  banks  in  schools  consisting  of  both  sexes.  The 
female  is  less  active  than  the  male  at  this  period,  and  probably  rests 
quietly  on  the  bottom  while  discharging  the  eggs.  There  is  no  evidence 
to  show  that  the  sexes  are  paired  or  in  close  proximity  during  the  act 
of  spawning.  On  the  contrary,  it  seems  likely  that  fertilization  is 
generally  accomplished  by  accidental  contact  of  the  sexual  products 
as  they  are  swept  about  by  the  elements,  having  risen  to  or  near  the 
surface  as  soon  as  extruded. 

The  cod  is  one  of  the  most  prolific  fishes.  The  ovaries  of  a  21-pound 
fish  have  been  computed  to  contain  2,700,000  eggs,  and  a  75-pound  cod 
has  been  estimated  to  have  9,100,000  eggs,  these  figures  being  deduced 
by  careful  weighing  or  measuring  of  a  known  number  of  eggs.  The 
egg  is  from  ^  to  iV  inch  in  diameter,  the  smallest  fishes  having  the 
smallest  eggs;  the  average  size  may  be  taken  as  ^V  ii^ch.  The  approxi- 
mate number  in  a  fluid  quart  is  337,000. 

The  destruction  of  cod  eggs  in  nature  is  necessarily  large.  The 
principal  loss  is  probably  through  failure  of  impregnation,  the  eggs 
losing  their  ability  to  become  fertilized  and  the  milt  its  vitality  very 
soon  after  being  thrown  from  the  fish.  Incalculable  numbers  are  thrown 
on  the  shore  by  the  waves  and  there  die.  God  eggs  are  also  destroyed 
by  numerous  animals,  including  fish,  birds,  and  invertebrates. 

COMMERCIAL  IMPOETANCB  AND  FOOD  VALUE. 

The  cod  is  one  of  the  most  valuable  of  all  food-fishes,  and  in  the 
United  States  ranks  as  the  most  prominent  commercial  fish.  In  the 
matter  of  persons  engaged,  vessels  employed,  capital  invested,  and 
value  of  catch,  the  taking  of  cod  in  the  United  Sitates  is  more  extensive 
than  any  other  fishery  for  fish  proper.*  The  number  of  vessels  which 
fish  wholly  for  cod  or  take  cod  in  noteworthy  quantities,  together  with 
other  <<  ground  fish,''  is  not  less  than  600,  of  over  25,000  net  tons  burden, 
carrying  about  7,000  men,  and  with  a  value  of  $3,000,000,  besides  which 
there  are  very  large  fisheries  carried  on  from  boats  and  small  vessels 
of  less  than  5  tons  burdeu.    The  approximate  annual  value  of  the  cod 

*  The  ovBter  fishery  is  the  most  important  branch  of  the  fishing  industry  of  the 
United  States. 
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cat«h  ill  18'J8  wan  about  $2,000,000,  a  Bum  repreeentin^  tlic  lirst  value 
of  tlm  Hsb,  Tbti  weiglit  uf  tiie  tisb  as  lauded  from  the  veaselii  (fresh, 
split,  mid  Halted)  watt  about  96,000,000  pounds. 

Tlie  cod  llsbery  is  proaei;utcd  iu  all  the  coastal  States  from  Mune 
to  New  Jersey,  being  mo&t  impurtaut  iu  Massai^Lusetts  and  Maino. 
Oloocester  aud  Boston  are  the  principal  fishiug  centers.  On  the 
Pocifio  coast  there  is  au  important  fiefaury  in  Alaeka,  carried  ou  by  San 
Francisco  vessels. 

God  are  taken  with  hand  and  trawl  lines,  baited  with  fish,  squid,  etc., 
and  fished  from  small  boats  or  the  vessel's  deck.  The  principal  grounds 
in  the  Atlantic  are  the  famous  "banks" — Grand,  Ueorges,  Westeru, 
Qnereaa,  etc. ;  ou  the  PaciQc  coast  the  Shuuiagin  Islands  are  the  chief 
grounds.  Small  qaautities  are  taken  in  traps  at  places  ou  the  New 
ElngLand  shore. 

ARTIFIOIAL  I'llOPAGATIOM, 

The  cod  ia  propagated  artificially  on  a  more  extensive  scale  than 
any  other  marioe  fish.  Artificial  hatching  was  first  ondertakeu  at 
Oloncester,  Massacbasetts,  in  the  winter  of  1878-79,  and  has  since  been 
regularly  proeecnted  on  an  increasingly  large  scale  at  both  Gloacester 
and  Woods  Bole.  Up  to  and  including  the  season  of  1896-97,  the 
number  of  cod  fry  liberated  by  the  Commission  on  the  east  coast  was 
449,764,000,  The  output  of  fry  in  the  last-named  year  was  98,000,000. 
The  unmistakable  economic  results  wliicli  have  !itt*'inled  tht'sc  efforts 
wurant  all  the  time  and  money  devoted  to  them  and  justify  the  greatest 
possible  expansion  of  the  work. 

COLLECTTNG   BGG8   ON    THE   FISHINU -GROUNDS. 

The  following  methods  aie  pursued  in  collecting  cod  eggs  for  the 
United  States  Fish  Commission  station  at  Gloucester. 

As  cod  are  abundant  in  Ipswich  Bay  during  the  winter,  vessels  from 
Gloucester,  varying  in  size  from  10  to  70  tons,  engage  iu  fishing  there, 
starting  from  Kittery  Point,  Maine,  or  Portsmouth,  New  Ilampsbire, 
where  they  market  their  catch,  secure  bait,  and  obtain  supplies.  At 
the  beginning  of  the  c<m1  season  (whieh  usually  opens  from  the  middle 
to  the  last  of  November)  aiTaiigements  for  the  board  of  the  men,  dory 
and  building  hire,  transportation  of  eggs,  et<..  are  made  with  persons 
at  Kittery  Point  and  permission  to  place  spawn-takers  aboard  the 
fishing  vessels  is  obtained,  with  the  understanding  that  they  will  be 
allowed  to  take  eggs  from  the  fish  secured,  that  they  be  given  the 
freedom  of  the  vessel  iu  order  to  properly  care  for  the  eggs,  and  that 
no  charges  be  made  against  the  Commission  except  tbat  il  cents  be 
paid  for  each  meal  furnished  the  s|>awn -takers.  After  these  arraiige- 
ments  are  made  the  men  arc  directed  to  board  such  of  the  fieet  as  are 
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A  spawu-taker's  outfit  coDsinta  of  a  water  backet  or  pail,  a  dipper,  a 
siphou,  a  thermometer,  and  a  tin  si^awii-kettle  about  2  feet  long,  1  foot 
wide,  and  8  to  0  inches  deep;  the  kettle  has  a  cover  and  handle. 

When  new  spawn-takers  are  employed  they  are  instructed  in  the 
work  and  sent  out  in  vessels  with  the  experienced  men  to  familiarize 
themselves  with  the  methods.  The  spawn-takers  ordinarily  leave  their 
boarding-places  at  1  o'clock  in  the  morning  (though  the  time  varies 
somewhat,  according  to  the  weather)  and  join  tlie  boats  anchored  in  the 
harbor  of  Kittery  or  at  Portsmouth.  During  moderate  weather  the  men 
frequently  go  aboard  before  midnight,  as  the  vessels  must  sail  when 
the  tide  is  favorable,  to  avoid  getting  becalmed  or  meeting  a  head  tide, 
either  of  which  might  prevent  them  from  reaching  the  fishing-grounds 
in  good  season. 

After  joining  the  vessels,  the  spawn-takers  usually  assist  the  fisher- 
men in  getting  under  way,  managing  the  ship,  etc.,  and  on  reaching  the 
place  where  the  nets  or  trawls  are  set — usually  6  to  10  miles  distant — 
the  spawn-takers  hel])  the  cre^s  in  hoisting  out  and  dropping  the  doriejs 
on  the  gear  as  each  buoy  is  reached,  the  men  remaining  on  the  vessel's 
deck  with  the  captain  while  the  fishermen  are  hauling  or  under-running 
their  gear,  and  until  they  return  to  the  vessel  with  the  fish. 

As  soon  lis  the  dories  begin  to  arrive  with  fish,  the  work  of  the  spawn- 
taker  begins.  As  the  fish  are  pitched  aboard,  the  spawn-taker  stands 
ready  to  examine  each  one  and  select  those  that  may  contain  ripe  eggs 
or  milt.  As  the  dories  are  usually  picked  up  in  the  same  order  in  which 
they  are  dropped,  there  is  opportunity  to  strip  the  fish  without  much 
hurry,  but  sometimes  several  are  picked  up  in  a  short  space  of  time, 
and  if  a  large  quantity  of  fish  is  landed  the  catch  remains  on  deck 
until  the  spawn-taker  can  overhaul  it.  In  bad  weather,  however,  when 
the  fish  would  be  in  danger  of  being  washed  away,  they  are  put  in  bins 
on  deck  and  can  be  pitched  from  one  bin  to  another  by  the  spawn- 
taker  as  the  condition  of  each  is  determined.  Usually  one  of  tlie  crew 
assists  in  this  work  and  often  renders  valuable  assistance.  Great  care 
is  taken  not  to  get  any  green  or  dead  eggs  with  the  good  ones  and  to 
keep  the  eggs  as  free  from  foreign  matter  as  i>os8ible;  but  in  rough 
weather,  when  the  vessel  is  pitching  or  rolling  heavily,  vigilance  in 
these  respects  is  necessarily  somewhat  relaxed. 

The  spawn-taker  seizes  the  fish  by  the  tail,  places  the  head  under  the 
left  arm,  if  it  is  not  too  large,  leaving  the  right  arm  free  for  stripping 
the  fish,  which  is  done  in  the  usual  way.  Only  live  fish  or  fish  recently 
(lead  are  used. 

The  eggs  are  first  taken  in  a  common  pail,  the  inside  of  which  has 
been  moistened  with  water.  Then  a  sufilcient  quantity  of  milt  to 
fertilize  the  eggs  is  added  and  thoroughly  mixed  with  them  and  allowed 
to  remain  from  10  to  20  minutes,  or  longer,  after  which  water  is  added 
and  the  eggs  are  carefully  cleaned  by  siphoning  off  the  old  water 
and  putting  in  fresh  water  until  all  the  slime  and  milt  are  drawn  from 
the  pail.    The  good  eggs,  which  rise  to  the  surface  of  the  water^  ate 
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tlieii  tratml'erred  to  the  spawit-kettle  oontaiuiiig  clean  wat«r  aiid  the 
poor  or  dead  eggs  are  thrown  away. 

All  the  cgga  ot>taiQe«l  oii  a  giveu  vessel  are  kept  in  the  kettle  uutil 
the  refeiving-hoase  ou  shore  ia  reached,  the  water  oii  the  eggs  beiug 
changed  at  iuterval^  duriiig  the  passage  iii^  and  to  keep  the  tempera- 
ture uniform,  the  egg»  -are  shifted  from  one  part  of  the  vessel  to 
another,  according  to  couditions.  Sooietiraes,  when  the  sea  is  very 
choppy  or  rough,  the  pail  can  not  safely  be  used,  as  the  eggs  will  spill 
out,  and  they  are  then  etiipifed  directly  iu  the  spawn-kettle  and  cleaned 
as  well  as  pussihiv. 

It  was  formerly  the  practice  to  take  coil  eggs  in  a  small  qaautity  of 
water,  but  daring  the  seaaou  of  lS9(i-S7  it  was  determiued  to  teat  the 
relative  efficacy  of  the  so-called  wet  and  dry  methods  of  fertilization. 
Some  of  the  spawn-takers  were  instructed  to  employ  the  dry  method 
antl  others  the  wet  method.  The  e][[>eriments  show  that  when  eggs 
were  taken  by  the  dry  method  a  much  larger  percentage  was  fertilized 
thau  when  taken  in  water.  Kggs  iVom  fish  caught  on  trawl  Hues  inva- 
riably yield  a  larger  jierceutage  of  fry  than  those  trnm  fish  caught  in 
uetB,  although  fine  eggs  are  frequently  obtained  from  net  lish.  The 
explanation  seems  to  be  that  tish  caoght  iu  nets  soon  become  en  tangled 
and  are  either  drowucd,  or  nearly  so,  shortly  after  beiug  meshed;  they 
struggle  a  great  deal  more  than  hsh  on  trawls  and  the  greater  part  of 
them  are  dead  when  taken  into  the  boats,  many  of  them  being  scaled, 
which  indicates  severe  cxcrlioii  in  tryiug  toeS('aj)e.  Trawl  lish,  on  the 
other  hand,  are  almost  always  alive  and  active  when  taken  from  the 
water,  and  very  tisw  fish  without  scales  are  fimnd  unless  the  gear  has 
been  out  a  long  time  or  has  been  set  during  a  heavy  storui,  when,  of 
course,  many  of  the  fish  will  be  dead. 

Better  results  are  obtained  from  eggs  taken  when  the  we;ither  is 
fairly  cold  than  when  it  is  warm,  as  when  the  temperatuie  is  high  it  is 
difficult  tor  spawn-takers  to  keep  the  water  containing  the  eggs  at  a 
safe  temperature,  and  before  the  egg  house  ou  shore  is  reached  there  is 
almost  always  a  heavy  loss.  Wbeu  the  weather  is  too  cold  for  eggs  to 
be  kept  on  the  vessel's  deck  the  spawn-takers  put  them  below  the  deck, 
where  the  tem|>erature  will  be  siiitable. 

Miiuy  difficulties  and  much  exposure  ai-c  encountered  by  the  meu 
who  collect  cod  eggs  ou  the  fishing  vessels,  and  during  severely  cold 
and  windy  weather,  when  the  deck  is  covered  with  ice  and  the  fish 
freeze  atifi'  in  the  dories  before  they  reach  the  vessel,  it  is  jiractically 
impossible  to  get  good  eggs.  During  boisterous  wCiither,  when  the 
fleet  succeeds  in  hauling  the  gear  only  once  or  twice  a  week,  the  greater 
part  of  the  catch  is  generally  dead  when  taken.  A  spawn  taker  often 
secures  a  good  lot  of  eggs  and  cau  find  no  ripe  milt  fish,  but  lu  this 
event  he  will,  if  the  weather  permits,  visit  the  ncan-.st  ve^sL-l  in  quest 
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yessel,  fishing  only  a  short  distance  away  and  not  catching  many  fish, 
will  get  a  comparatively  large  uumber.of  spawners. 

The  spawn-takers  are  instructed  not  to  take  eggs  from  fish  that  have 
died  on  trawls  or  in  nets,  although  fine  lots  of  eggs  are  often  taken  from 
fish  that  die  in  the  dories  before  they  reach  the  vessel,  showing  that  the 
eggs  do  not  die  immediately  after  the  fish  expire.  The  vitality  of  the 
eggs  after  the  death  of  the  fish  varies  in  different  cases  and  depends  on 
the  conditions  of  the  eggs  and  the  fish  at  the  time  the  fish  are  caught, 
the  state  of  the  weather,  etc.  An  experienced  spawn-taker  can  almost 
always  distinguish  readily  between  good  and  poor  eggs,  although  it  is 
not  always  possible  to  determine  whether  or  not  a  given  lot  of  eggs  will 
live.  As  the  weather  and  the  nature  of  the  school  of  fish  in  the  bay 
regulate  the  collection  of  eggs,  the  results  of  a  season's  work  can  not  be 
estimated  in  advance.  It  has  been  observed  that  roe  fish  are  found  in 
largest  numbers  previous  to  an  easterly  storm  and  when  the  wind  is 
from  the  south  or  west.  During  heavy  westerly  winds  cod  appear  to 
approach  quite  close  to  the  beach,  and  when  the  wind  blows  from  the 
eastward  and  the  sea  begins  to  rise,  they  leave  for  deeper  water. 

When  fishermen  are  hauling  their  nets  and  trawls,  they  frequently 
notice  spawn  being  emitted  from  fish  when  they  are  landed  in  the 
dories.  Such  fish  are  laid  away  on  their  backs  in  the  stem  of  the  boat 
and  when  the  vessel  is  reached  are  careiully  passed  to  the  spawn-taker, 
many  eggs  that  would  otherwise  be  lost  being  thus  saved. 

When  the  price  of  fish  is  low  at  Portsmouth  or  the  wind  is  unfavor- 
able for  making  that  harbor,  some  of  the  fleet  go  to  Eockx>ort  to  sell 
their  fish,  and  should  spawn-takers  be  on  such  vessels  they  immediately 
take  their  eggs  to  Gloucester  when  the  vessels  arrive  in  Bockport. 

Usually  the  fishing  vessels  return  to  Kittery  Point  between  1  o'clock 
and  10  o'clock  p.  m.  Immediately  on  landing,  the  spawn-takers  carry 
their  collections  to  the  egg  house  on  shore,  where  the  spawn  is  carefully 
examined,  cleaned,  packed,  and  shipped  to  Gloucester  by  first  train. 
In  shipping  eggs  large  fruit  jars  are  used.  About  350,000  eggs  are  put 
in  each  jar,  the  jar  is  filled  with  water,  the  top  is  securely  fastened, 
and  the  jar  is  placed  horizontally  in  a  large  iron  kettle  made  especially 
for  the  purx)ose  and  holding  five  jars.  The  jars  are  wrapped  in  burlap 
before  they  are  put  in  the  kettles,  to  prevent  them  from  breaking,  and, 
when  necessary,  snow  or  ice  is  put  in  each  end  of  the  kettles  to  keep 
the  temperature  uniform  during  transit,  but  it  is  not  allowed  to  come 
iu  direct  contact  with  the  jars. 

A  messenger  usually  accompanies  the  eggs  and  gives  them  constant 
attention  until  they  are  delivered  at  the  station.  The  snow  or  ice  is 
removed  from  the  kettles,  if  the  temperature  falls  too  low,  and  replaced, 
if  necessary,  the  messenger  making  frequent  use  of  a  tliermometer. 

In  preparing  eggs  for  shipment  without  messenger,  they  are  first 
cleaned  carefully  by  drawing  off  all  dead  egg»  or  dirt,  then  put  in  large 
fruit  jars  in  the  same  manner  as  when  they  are  shipped  to  Gloucester, 
and  the  jars  are  packed  horizontally  in  large  wooden  cases  hoULv\is*,\:)Ssi!^ 
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jaTH  ^Hic.h.  Rm-k\fvetl  iir  muss,  togetlier  with  a-v  nr  Know,  in  tincxl  in 
packing  tbein.  the  former  bisiiif;  [>Ihc«<I  around  the  JnrH  and  tho  IntliT 
put  in  the  Ixittom,  niden,  uiict  toj)  of  the  ciise  to  ke^p  the  eggR  cool. 

.   Snccessful  eliipmputs  tire  ntten  made  by  express. 

I  8om&  difficulty  ban  been  ex|>eiienced  in  keeping  large  Intii  of  eggs 
over  nigbt  sit  Rittei-y  Point,  nn  the  faoilitii^s  iire  insnttii-ient  for  chang- 
ing water  or  for  spreading  theeggxout  to  nvercume  theiiijiiriouseffoots 
of  prolonged  i-rowdiug;  but  when  it  iaiiecessniy  to  so  retain  them,  they 
are  put  iu  McDonald  jars  in  which  the  water  is  changed  at*  often  as  the 
Biipply  will  permit.  As  the  water  in  the  liarbor  is  jiartly  iVeah  and 
mflt  for  this  purpose,  it  is  uecesttary  for  Hpawn-takers  to  bring  in  a 
supply  f^m  the  open  bay  in  large  trHnsxHirtation  cans. 
OAPTUBIBO  AND  PENNING  BBOOIJ  COD. 
Practically  all  of  the  cod  fry  hatched  at  Woodo  Hole  prior  to  1896 
represented  eggs  taken  from  penned  tinh.  Some  of  the  cod  collectetl 
for  breeders  aie  cangtit  by  the  crew  of  the  Fiwh  Commission  schooner 
Qrampun  and  some  are  purchased  from  commercini  tisliemien.  Two 
or  more  smacks  usually  engage  in  fishing  for  the  station  during  the 

,  ooUtKiting  seAson,  which  is  troni  about  October  1  to  November  .'tO.  The 
grounds  resorted  t.o  are  east  of  Nantucket  and  around  Ulock  Island. 

'  The  fish  are  taken  with  hand  lines  flahed  from  the  dei'k  while  tlie  vessel 
ia  drifting,  in  water  firom  10  to  4l)  falhomn  devp.  ThoM-  tiiUrn  in  the 
Bhoaler  water  are  preferable  to  those  coming  from  deep  water,  as  the 
change  to  the  shallow  cars  in  which  they  are  held  at  tlie  station  in  less 
pronouuced.  Great  care  in  esercisfd  in  witcliinjf  the  lish,  for  when 
hastily  hauled  up  from  deep  water  they  are  very  liiilil*^  to  be  "  poke- 
blown,"  that  is,  they  have  their  stoniLU'hstuined  inside  i)nt  through  the 
mouth.  When  drawn  in  with  moderate  speed,  tliey  liemme  adapted  to 
the  gradually  diminishing  pressure  and  di> not  sutler  injniy.  It  is  also 
imiwrtant  in  unhooking  the  Ush  nut  to  injure  its  niDUtli  any  more  thau 
is  absolutely  necessary,  as  the  wound  caused  by  the  hook  freijuently 
spreads  and  forms  a  large  sore  and  eventually  kills  tlie  fish.  All  the 
vessels  which  collect  cod  for  the  stiLti(m  are  provided  with  wells  in  which 
the  fish  are  placed  and  held  while  in  transit. 

When  a  vessel  arrives  at  the  statimi  with  cod,  the  lish  are  immedi- 
ately transferred  with  dip  nets  ftoni  the  well  to  live  irars  ll>  I'eet  long, 
6 feet  wide,  and  5  feet  deep,  which  arc  constructed  nl'  wood  ai[d  divided 
into  two  compartments  by  a  en)sswise  iiartition.  As  the  lish  obtained 
from  smacks  are  jmid  for  by  the  pound,  it  is  cnstouiary  to  weigh  about 
10  per  cent  of  each  load  and  estimate  the  total  weight  by  tlie  average 
of  thoi<e  weighed.  While  being  weiglie<l,  tlie  cod  aic  also  counted, 
about  ")IM)  being  put  in  each  car.  The  cars  are  moore<l  in  the  middle 
of  a  pool  or  basin  prot.'cted  on  all  siilcs  l.\  ;i  wliari.  wliirli  lircaks  the 
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bat  they  can  rarely  be  indaced  to  eat.  A  certain  percentage  of  the 
penned  fish  die  and  are  removed  at  once  from  the  cars.  The  develop- 
ment of  the  aexnal  organs  is  noted  when  the  dead  fish  are  taken  ont. 
Fish  about  ready  to  spawn  are  placed  in  a  separate  car  and  careftdly 
watched.  '  They  are  examined  two  or  three  times  a  week  and  any  ripe 
egg»  are  taken. 

In  taking  and  fertilizing  the  eggs  of  brood  cod  the  same  general 
methods  are  followed  as  are  adopted  on  the  fishing  vessels  in  Ipswich 
Bay.  The  spawn-taker  grasps  the  ripe  fish  near  the  tail  with  his  left 
hand  and  holds  the  fish's  head  either  between  his  body  and  left  arm  or 
between  his  thighs,  using  his  right  hand  to  strip  the  fish.  The  eggs 
are  usually  taken  in  a  bucket.  Both  the  dry  and  wet  methods  of  fertil- 
ization are  used  at  Woods  Hole.  Usually  about  80  per  cent  of  the  eggs 
taken  are  fertilized.  Unlike  many  other  fishes  artificially  propagated, 
the  ood  does  not  yield  all  of  its  eggs  at  one  time.  After  expressing  all 
th6  eggs  iK)8sible  from  a  given  fish,  it  is  returned  to  the  live-car,  and  in 
a  few  days  will  have  matured  more  eggs,  which  are  then  taken.  When 
the  ovaries  have  discharged  all  their  eggs,  the  fish  is  released. 

In  recent  years  from  1,600  to  9,000  cod  have  been  penned  annually 
in  the  protected  basin  at  Woods  Hole.  Only  from  one-ninth  to  one- 
third  of  these,  according  to  the  season,  yield  good  eggs. 

CHABACTEBISTICS  OF  COD  EOGS. 

Ood  eggs  are  nearly  transparent,  and  float  at  the  surface  of  the  water 
when  first  taken.  They  vary  in  color  from  a  pale  green  to  a  deep  red, 
those  having  the  green  color  being  the  best.  Good  results  are  seldom 
obtained  from  the  red  eggs,  and  those  of  a  deep  red  color  almost  invari- 
ably die  in  three  or  four  days  after  being  received.  Unless  the  density 
of  the  water  is  low,  the  eggs  normally  float  during  the  entire  hatching 
period.  However,  it  frequently  happens  that,  owing  probably  to  the 
accumulation  of  sediment,  the  eggs  gradually  sink  during  the  last  third 
of  the  incubation  period,  and  finally  mass  together  on  the  bottom  of  the 
hatching-box;  here  they  would  quickly  smother  but  for  the  current. 

Floating  eggs  are  not  necessarily  good  ones,  for  unfertilized  and 
injure<l  eggs  usually  float  18  to  36  hours  before  going  to  the  bottom. 
Unfertilized  eggs  may  be  readily  detected,  as  they  have  no  disc  which 
marks  fertilization  and  have  a  milky  appearance.  Tbe  dead  eggs 
quickly  sink,  and  are  easily  distinguished  from  the  sound  eggs  by  a 
white  spot  in  the  center. 

Eggs  received  at  the  hatchery  are  transferred  from  the  vessels  in 
which  they  came  to  Chester  jars  partly  filled  with  water,  and  in  10 
or  15  minutes  they  rise  to  the  surface  in  a  dense  mass.  Tbe  eggs  are 
pat  in  each  jar  to  the  depth  of  an  inch,  a  quantity  representing  approx- 
imately 379,000  eggs.  If  the  hatchery  is  full,  about  a  fifth  more  eggs 
may  be  put  in  a  box,  the  maximum  number  that  may  be  safely  carried 
being  450,000.  The  first  measurements  are  carefully  made,  as  they  form 
the  basis  for  subsequent  estimates.  As  soon  as  the  eggs  are  meaaured 
they  are  transferred  to  the  hatching-boxes  witVi  dv^^s^^. 


r 
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THE  APPABATTS  t'SKD   ly   HATOHINd   OOD. 


The  apparatus  aod  luetboda  employed  ia  cod-eultore  are  tlio  oul 
growth  of  loDg  experieiico  and  study  and  have  as  their  special  features' 
the  closest  possible  simulation  of  natural  conditions.  The  appnratus 
now  in  general  use  is  the  stx-alled  McDonald  or  automatic  tidal  box. 
The  boxes  are  constructed  In  series  of  1-  or  less,  the  number  depend- 


J 


UL 
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iiig  on  the  size  of  the  hatchiug-ionm,  tlic  iirrangeitieiit  of  tlic  liatcliing- 
tables,  or  other  conditions.     Tiic  Gloucester  hat(.'iiciy  liaw  8  tables  of 
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feet;  width,  3  feet  8  inches;  depth,  11  inches.  The  table  or  trongh  is 
oonstmcted  of  2inch  Inmber  and  raised  to  a  convenient  height  by 
shorty  stont  legs.  The  table  is  divided  into  9  water- tight  compart- 
ments by  means  of  crosswise  partitions  of  1^-inch  plank. 

At  Woods  Hole  the  dimensions  of  the  troughs  containing  12  boxes 
are  as  follows:  Length  over  all,  13  feet;  width,  2  feet  7  inches;  depth, 
12  inches.  The  plank  is  1^  inches  thick.  The  bottom  of  the  trough  is 
2i  feet  above  the  floor.  The  compartments  are  separateil  by  l^inch 
partitions  and  are  22  inches  long,  12  inches  wide,  and  lOf  or  11 
inches  deep. 

Two  inches  from  each  end  of  each  compartment  there  is  a  1-inch 
wood  partition.  The  partition  d  at  the  supply  or  upper  end  of  the 
compartment  extends  with  its  middle  portion  to  the  bottom  of  the 
trongh,  while  the  two  sides  extend  only  to  within  1^  inches  of  the  bot- 
tom. The  partition  e,  at  the  discharge  or  lower  end  of  the  compart- 
ment, extends  its  full  length  to  within  1^  inches  of  the  bottom  of  the 
trough.  Between  the  two  partitions  d  and  e  in  each  compartment  there 
is  snugly  fitted  a  movable  box  in  whi(^h  the  eggs  are  placed.  This 
box,  which  is  constructed  of  ^-inch  plank,  is  9  to  9^  inches  deep  in  the 
center,  but  only  8  inches  deep  at  the  corners,  the  bottom  sloping 
upward  toward  the  sides  and  ends  of  the  box  and  being  covered  with 
linen  scrim.  A  wooden  strip  at  the  bottom,  }  inch  thick  and  conform- 
ing to  the  shape  of  the  bottom  of  the  box,  extends  the  length  of  the  box. 
The  box  rests  on  cleats  in  the  corners  of  the  compartments  which  keep 
the  center  of  the  box  1^  inches  above  the  bottom  of  the  trough. 

The  space  at  the  supply  end  of  each  compartment  is  divided  into 
three  pockets  by  linch  wood  partitions.  The  middle  pocket  connects 
with  the  main  compartment  by  me-ans  of  a  small  hole  {^  to  -^  inch) 
through  the  center  of  the  partition  and  end  of  the  box  immediately 
above  the  lengthwise  strip,  and  the  two  lateral  pockets  connect  by  a 
space  at  the  bottom  with  the  main  compartment. 

At  Woods  Hole  the  water  used  in  hatching  is  pumped  from  the 
harbor  to  two  tanks  of  about  18,000  gallons  joint  capacity.  The  water 
is  led  to  the  hatchiug-rooro  through  a  4-inch  wooden  pipe  and  is  sup- 
plied to  the  hatching  apparatus  through  a  2^-inch  hard-rubber  pipe 
which  branches  from  the  main  pipe  and  runs  directly  over  each  row  of 
tables.  At  Gloucester  the  main  supply-pipe  is  of  hard  rubber,  3  inches 
in  diameter;  this  leads  from  a  tank  of  15,000  gallons  capacity,  the 
bottom  of  which  is  about  6  feet  above  the  level  of  the  troughs.  A  small 
soft-rubber  tube,  provided  with  a  rubber  pet-cock,  carries  the  water  to 
the  middle  pocket  at  the  back  of  each  box.  As  the  pocket  is  always 
fhll  of  water  when  the  boxes  are  in  operation,  a  considerable  amount 
of  water  goes  through  the  small  hole  with  much  force,  creating  a  strong 
current  in  the  l)ox  and  keeping  the  eggs  in  constant  rotary  motion. 
This  current  is  one  of  the  principal  features  of  the  apparatus. 

Much  more  water  enters  the  middle  pocket  than  can  pass  through 
the  smaH  hole  into  the  box,  and  the  surplus  flows  over  the  sides  and 


206       BEPORT  or  COMMISSIONER  OF  FI8H   AND   nSHERlES. 

enters  the  main  compartment  from  below,  coming  np  throagli  tbe  scrim- 
ooverecl  bottom  into  tlie  movable  box. 

The  partition  forming  the  jHioket  at  the  lower  or  fW>nt  end  of  the  box 
only  exteiiilfl  to  within  I^  incites  of  the  bottom,  leaving  a  space 
through  which  the  water  runs  from  the  compartment.  In  the  bottom 
of  tht^  pocket  there  is  au  opening  in  which  the  vertical  waBte-pijie  fits. 
This  pipe  is  brans,  i  inch  in  diameter  and  10  or  11  iuches  long;  the  fop 
of  the  pipe  ia  7  inches  above  the  bottom  of  the  table.  The  waste-pipes 
from  the  different  boxes  discharge  into  a  trough  which  carries  the  water 
from  thebnilding. 

A  particularly  important  part,  and  the  one  which  gives  the  name 
"tidal  box"  to  the  apparatus,  is  need  in  conjunction  with  the  waste- 
pipe.  This  is  a  brass  siphon-cap,  which  fits  over  tbe  upper  end  of  the 
wast«  pipe.  The  cap  is  a  tube,  closeil  at  the  top,  0  inches  long  and  1^ 
ioohes  in  diameter.  It  ih  kept  at  auy  desired  height  on  the  waste-pipe 
by  wire  siniugs  in  the  cap  or  by  other  means. 

By  virtue  of  the  siphnti  attachment  tbe  water  in  each  box  rises  to 
the  height  of  the  top  of  the  waste-pipe  and  begins  to  run  over.  This 
partly  exhausts  the  air  iu  the  cap,  more  water  rushes  in,  and  the  pipe 
becomes  filled  with  water;  then  the  siphon  begins  to  act  and  takes  off 
the  water  to  a  level  of  the  bottom  of  the  siphoQ-cap.  Usually  the  cap 
is  pushed  about  half  down  tlie  waate-tube,  although  the  height  of  the 
watiT  ill  tlie  box  iii'ter  tin-  disiharge  nl  the  siplion  is  rej.'u]iited  by  the 
manner  in  which  the  eggs  are  working.  About  T  minutes  are  required 
for  tbe  water  to  be  drawn  down  and  the  box  to  again  fill,  and  approxi- 
maitely  two-fifths  of  tbe  water  is  taken  off  at  each  discharge.  By  this 
arrangemeot  tbe  water  in  the  boxepi  is  •.onstantly  rising  and  falling 
automatically;  the  movements  of  the  waves  are  thus  simuhited,  the 
eggs  are  kept  iu  constant  circulation,  and  fresh  water  is  continually 
entering  tbe  boxes. 

The  Oheater  box  was  generally  useil  in  eod-culturo  up  to  a  com- 
paratively recent  date,  and  in  still  oceaHJnnally  employed  in  marine 
fiMi-cuItural  operation.s.  Tbe  general  object  of  its  construction  is  the 
production  of  au  aiitouiatic  rise  and  fall  of  water,  as  iu  the  McDonald 
box,  altliough  it  differs  from  the  latter  in  some  eKseutial  particulars. 
It  consistsof  a  box  of  variabie  dimeu.sions  in  which  jars  are  placed  for 
the  reception  of  tbecpGS.  A  convenient  size  of  box  is  7j  feet  long,  2 
feet  wide,  and  '2^  feet  deeji.  From  4  to  8  large  glasa  Jara  arc  arranged 
on  wooden  8upix>rts  7  or  8  inches  above  the  bottom  of  the  trough. 
Smaller  boxes,  toaccoinnio<liitooiily  li  or  4  Jars,  are  also  used.  The  jars 
are  about  !l  inches  in  itiameter  and  are  of  two  heights — 9  inches  and  17 
or  18  inches;  tliey  have  straight  sides  and  a  fla*  bottom  with  a  central 
balfinch  hole. 
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by  means  of  a  siphou  iu  the  other  compartment,  ranning  throagh  a  hole 
several  inches  below  the  top  of  the  trough.  The  trough  fills  with  water 
up  to  a  level  with  the  hole,  when  the  siphon  begins  to  act  and  takes  off 
the  water  more  rapidly  than  it  enters,  to  a  level  with  the  inner  end  of 
the  siphon,  the  fall  being  4  to  5  inches.  Air  then  enters  the  siphon, 
and  it  ceases  to  act  until  the  water  has  again  risen  to  the  height  of  the 
discharge  hole.  The  water  thus  rises  and  falls  in  the  jars  automatically, 
the  interval  between  the  successive  discharges  being  regulated  by  the 
length  of  the  inner  arm  of  the  siphon,  the  size  of  the  tube,  and  amount 
of  water  supplied. 

After  the  eggs  are  introduced  into  the  jars  a  piece  of  cheese-cloth  or 
linen  scrim  is  placed  over  the  top,  and  fastened  by  means  of  rubber 
bands.  The  jar  is  then  inverted  and  placed  on  the  wooden  supports 
provided  for  the  purpose,  and  the  plug  in  the  bottom  removed  to  allow 
the  escape  of  the  air'nnd  the  rise  and  fall  of  water.  The  number  of 
eggs  per  jar  is  about  190,000  or  200,000. 

DEVELOPMENT   OF  THE  EGO. 

The  development  of  the  cod  egg  is  greatly  influenced  by  the  water 
temperature,  which  fluctuates  from  day  to  day  and  makes  it  difficult  to 
state  exactly  when  the  eggs  will  hatch.  With  a  high  temperature  the 
advancement  of  the  egg  through  the  different  stages  proceeds  rapidly 
and  can  readily  be  appreciated  with  the  unaided  eye,  while  with  a  low 
temperature  the  development  is  slow  and  may  be  greatly  prolonged 
by  very  cold  water.  With  a  mean  temperature  of  47°  vxid  eggs  begin 
to  hatch  in  11  days,  althougli  2  or  3  additional  days  are  usually  nec- 
essary for  all  the  eggs  of  a  given  lot  to  hatch.  At  43^  the  time  is  14 
or  15  days,  and  at  38'=>  it  is  20  to  2l\  days.  The  best  results  are  obtained 
when  the  temperature  ranges  from  41'^  to  47^.  The  hatching  proceeds 
satisfactorily  with  the  water  at  38^,  but  with  a  lower  temx>erature 
t^e  incubation  period  is  so  lon^  that  the  fry  are  very  weak.  On  the 
natural  spawning-grounds  the  water  seldom  gets  below  38^,  while  at 
the  stations  after  January  I  the  water  used  for  hatching  rarely  gets 
as  warm  as  37^,  and  often  is  as  low  as  31^;  from  the  middle  of  January 
to  the  latter  part  of  Febrnary  it  remains  at  about  32^.  Since  it  is 
im]K>ssib1e  to  do  even  fair  work  when  the  water  gets  below  35^,  it  has 
been  the  practice  to  warm  the  water  by  passing  it  through  a  coil  of  pipe 
contained  in  a  tank  of  warm  water  or  by  introducing  steam  directly 
into  the  water  pipe  wlii'nuvor  the  hatchery  water  gets  below  37o. 

The  water  being  at  -H*^,  during  the  first  4  days  the  egg  passes 
through  the  different  stages  of  segmentation;  at  the  end  of  that  time 
the  germinal  area  begins  to  assume  the  general  form  of  a  fish;  and  by 
the  ninth  day  the  fish  is  quite  well  formed,  and  maybe  readily  seen 
with  the  naked  eyv.  By  the  tenth  day  tlu^  embryo  shows  signs  of  life, 
and  under  the  microscope  the  heart  may  be  seen  to  beat. 
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rnllnwing  is  a  table  sliowiug  the  Approximate  time  required  for  cod 
eggs  to  hatch,  with  the  water  at  the  stated  mean  temperatures: 
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Moderately  clear  wat«r  is  essential  to  the  healthy  development  of 
the  fry.  If  much  sediment  la  present  it  collects  on  the  eggs  and  acts 
very  iqjuriously, often  killing  them.  Sometimes  eggs  became  so  coated 
with  sediment  that  the  fry  appear  to  be  unable  to  burst  the  shell; 
somelotsof  eggs  tbns  ailected  have  been  known  to  retain  fry  fully  two 
weeks  beyond  the  normal  period  of  incubation. 

With  eggs  carefally  taken  and  fertilized,  and  clear  water  of  a 
temperature  from  41°  to  47°  F,,  it  in  possible  to  bat<:h  from  70  to  85 
per  cent  of  the  eggs,  but  when  the  temperature  gets  below  38'^  the 
percentage  of  fry  hatched  is  only  from  25  to  50,  and  the  average  for  the 
season  is  thus  greutly  reduced.  The  number  of  fry  hatched  is  deter- 
mined by  deducting  the  losses  shown  on  the  batcbiug-oards  from  the 
number  of  egg«  "rijjiimlly  in  the  box.  One  liquid  ounce  is  estimated 
to  contain  10,624  eggs. 

I'LEANINfi    THE   ERGS. 

Owing  to  the  accumulation  of  sediment  and  other  foreign  matters  in 
the  hatching- boxes,  it  is  neiessiiry  to  clean  the  eggs  diiily,  rtuining  the 
sound  eggs  from  one  box  to  another  thmngh  a  slot,  tlie  dead  eggs 
being  left  behind.  The  slots  in  the  partitions  dividing  the  hatching 
compartments  correspond  with  simihir  sluts  in  the  boxes;  they  are  3 
to  3J  inches  long  and  U  inches  det-p,  and  are  jdaced  3  inclies  from  the 
front  of  the  compartments.  To  begin  tlie  cleaning  of  a  given  row  of 
boxes,  a  glass  slip  is  fitted  into  the  slot  between  the  second  and  third 
boxes,  the  iivst  box  being  left  empty  for  the  ]>nvposc  of  receiving  the 
cleaned  eggs  from  the  second  box.  A  wooden  plug  is  tlion  put  in  the 
current  hole  at  the  back  of  the  second  box,  and  tlie  sipjion  cap  is 
removed  from  the  waste  pipe;  this  allows  the  box  to  lill  witli  water, 
and  the  eggs,  nndislurbed  by  the  current,  rise  to  tlie  surface.  The 
water  is  alluned  to  enter  the  first  box  and  to  gi'sidiially  lill  it  to  the 
level  of  the  waste  pipe,  and  is  then  turned  oft'.  A  plug  ia  nest  put  in 
the  wasle-pipe  of  the  box  containing  the  eggs;  the  water  rises  till  it 
readies  the  slot,  and  then  runs  over  into  the  lirst  box,  carrying  the  good 
'  dead  ft:gs  remain  in  thi-  i»\\.    Then 
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a  glasB  graduate.  The  dead  eggs  quickly  sink  and  the  quantity,  in 
ounces,  is  noted  on  a  card  attached  to  each  box.  If  there  are  any  good 
eggs  in  the  glass  they  are  saved;  the  Bi)oiled  eggs  are  thrown  into  the 
waste-trough.  Both  the  inner  box  and  the  trough  in  which  it  rests  are 
thoroughly  washed  and  sponged  after  each  change. 

When  the  inner  box  is  replaced  it  is  made  ready  for  the  eggs  to  be 
transferred  from  the  third  box,  and  the  same  method  is  pursued  until 
all  the  boxes  have  been  cleaned.  Eggs  recently  taken,  being  on  the 
surface,  run  over  very  quickly,  5  or  10  minutes  usually  sufficing  for 
the  transfer  of  a  box  of  400,000  eggs;  but  when  eggs  become  heavier, 
as  a  result  of  development,  the  cleaning  takes  much  longer,  as  it  is  then 
necessary  to  run  them  into  the  lower  part  of  the  box  (as  in  removing 
dead  eggs)  and  to  dip  them  out,  care  being  taken  to  keep  the  lower 
end  of  the  box  in  the  water  while  manipulating  them.  As  the  loss  of 
eggs  has  ceased  by  the  time  they  reach  this  stage,  everything  in  the 
box  may  be  dipped  over,  and  with  care  no  damage  is  done  the  eggs. 

THE  PRY. 

When  the  fry  first  hatch  they  are  much  curved  in  shape  and  show 
but  little  vigor.  If  the  water  is  comparatively  warm  they  rapidly 
straighten  out  and  become  stronger.  At  this  stage  they  float  at  the  sur- 
feoe,  except  when  forced  about  by  the  current.  As  they  get  older  they 
frequent  the  upper  water  less  and  if  kept  in  the  boxes  till  the  mouth 
begins  to  functionate  most  of  them  remain  on  or  near  the  bottom. 

As  soon  as  the  first  fry  in  a  given  box  make  their  appearance  the 
eggs  are  all  runrover  for  the  last  time.  As  the  fry  are  comparatively 
delicate  they  are  handled  as  little  as  possible  and  with  great  care. 

The  fry  are  planted  as  soon  as  practicable.  If  all  the  eggs  of  a  given 
lot  have  not  hatched  it  is  better  to  ]>lant  them  with  the  fry  rather  than 
hold  the  latter  until  incubation  is  complete,  for  the  boxes  soon  become 
-foul  from  the  accumulation  of  eggshells  and  the  eggs  will  haitch  in  a 
very  short  time,  especially  as  the  water  on  the  spawning-grounds  is 
usually  3  or  4  degrees  warmer  than  the  water  in  the  hatchery. 

When  the  fry  are  to  be  removed  from  the  boxes,  preparatory  to  plant- 
ing, a  plug  is  put  in  the  current  hole  at  the  back  of  the  box,  and  in  a 
short  time  most  of  tlieni  will  come  to  the  surface.  They  are  then  dipi>ed 
oat  and  put  in  transportation  cans.  About  200,000  fry  may  be  safely 
carried  in  a  lOgallon  can.  Deposits  are  usually  made  on  the  natural 
spawning-grounds. 
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THE  MACKEREL. 


DESCRIPTION,  SIZE,  ETC. 

The  genns  Scomber^  of  which  the  mackerel  {Scomber  soombrus)  is 
the  leading  representative,  is  distinguished  from  related  genera  of 
scombroid  fishes  of  the  Atlantic  coast  {Atixis,  the  frigate  mackerels; 
Oymnosarda^  the  little  tunnies;  Thunnus^  the  great  tunnies;  8arda^\h& 
bonitos,  and  Scomberomorusy  the  Spanish  mackerels  and  kingfish)  by 
tiie  small  size  of  the  species,  by  the  absence  of  a  median  keel  on  each 
side  of  the  candal  peduncle,  by  a  short  spinous  dorsal  fin  having  9  to 
12  spines,  by  the  pattern  of  coloration,  and  by  a  number  of  other 
characters. 

The  body  of  the  mackerel  is  fusiform  and  but  little  compressed  later- 
ally. The  standard  length  is  3^  times  the  depth.  The  caudal  peduncle 
is  slender,  with  a  small  keel  on  either  side.  One-third  of  the  total 
length  without  tail  consists  of  the  head.  The  eye  is  rather  small,  its 
diameter  being  only  one-fifth  the  length  of  the  head.  The  mouth  is 
large  and  armed  with  a  row  of  small  slender  teeth  in  each  jaw.  There 
are  two  dorsal  fins,  the  anterior  containing  II  spines  and  the  posterior 
12  raj^s,  following  which  are  5  finlets;  the  formula  of  the  anal  fin  is  1 
spine,  11  rays,  and  5  finlets.  The  scales  are  very  small,  numbering 
several  hundred  along  the  lateral  line.  The  color  is  dark  blue  above 
and  white  below.    About  35  dark  wavy  vertical  streaks  mark  the  back. 

The  common  mackerel  closely  resembles  the  other  species  of  the  same 
genus  found  on  both  the  Atlantic  and  Pacific  coasts,  namely,  the  bull's- 
eye|Chub,  or  thimble-eye  mackerel  {S,  coZta«),  but  is  separated  from  it 
by  the  absence  of  the  air-bladder,  more  dorsal  spines,  smaller  eye,  and 
somewhat  dififereut  markings. 

The  length  of  the  full-grown  mackerel  is  17  or  18  inches,  but  fish  a 
little  over  20  inches  long,  and  weighing  upward  of  3 J  or  4  pounds,  are 
occasionally  taken.  The  average  length  of  the  market  catch  is  about 
12  inches.    Such  a  fish  weighs  from  three-fourths  of  a  pound  to  a  pound. 

Small  mackerel  are  known  among  the  fishermen  by  several  names, 
such  as  "  spikes,''  "  blinkers,"  and  "  tinkers."  Spikes  are  the  smallest 
caught  by  the  commercial  fisliermeu ;  they  are  5  or  6  inches  long  and 
are  5  to  7  months  old.  Tinkers  are  under  9  inches  in  length  and  are 
supposed  to  be  about  two  years  old.  Blinkers  are  intermediate  in  size 
and  age.    Maturity  is  probably  attained  in  the  fourth  year. 

DISTRIBUTION,  MOVEMENTS,   ABUNDANCE,   AND  SPAWNING. 

This  species  inhabits  the  North  Atlantic  Ocean.  On  the  American 
coast  its  range  is  from  Cape  Hatteras  to  the  Straits  of  Belle  Isle.  On 
the  European  coast  the  fish  is  found  from  northern  Norway,  in  latitude 
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71°,  to  tlio  Hctlitorraneaa  aiul  Adriatic.  It  ia  not  recitnled  from  the 
West  Indies,  Berniadas,  Gulf  of  Mexico,  Soutli  America,  or  A&ica. 

On  the  east  coast  of  Kortli  America  mackerel  first  appear  in  the 
spring  off  Oapo  Hattera^  aud  anhseqaeutly  reach  tbe  ebores  of  the 
Middle  and  New  England  States  and  theBrilisU  pussessions,  migrating 
in  from  tbe  sea  from  a  soutlierlyor  snntheasterly  direction.  Certain 
bodies  of  lisli  seek  the  New  England  Khoro,  while  others  first  strike  the 
shore  of  Nova  Scotia  and  follow  it  into  tbe  Gulf  of  St.  Lawrence. 
Tbey  leave  tbe  coast  in  the  same  way  in  fall  aud  early  winter. 

The  mackerel  is  a  wandering  flsh.  Its  movements  wbon  in  the  coast 
waters  are  undoubtedly  rcgnlaUid  by  est«rnal  oauaos  not  yet  clearly 
understood,  but  food,  temperature  of  water,  and  reproduction  are  potent 
factora. 

The  mackerel  is  one  of  the  most  abnndant  fishes  fonnd  nn  the  Atlan- 
tic coast.  It  goes  in  schools,  often  of  immense  extent.  The  testtmotiy 
of  reliable  flshennen  relative  to  the  size  of  schools  observed  often 
eeems  incredible;  thus  one  school  seen  in  the  South  Channel  in  1843 
was  half  a  mile  wide  and  at  least  21)  miles  long.  Another  school  noticed 
oft'Elock  Island  in  1877  wasestimated  to  contain  1,000,000  barrels.  The 
schools  swim  at  the  surface  or  at  varying  depths  beneath  the  surfiu^ 
and  present  a  comparatively  broad  fVont. 

From  the  earliest  times,  there  have  been  periods  of  scarcity  of  mack- 
erel alteruiiting  with  seasons  of  abnndance.  As  early  as  lliTO  the 
Colony  of  Massachusetts  enacted  laws  for  tbe  preservation  of  mackerel. 
Since  188r>  there  has  been  tbe  most  noteworthy  ami  pri)lonj;ed  scarcity 
of  the  lish  of  which  there  is  any  record.  Tlie  Sew  Ivnglanil  catch  in 
1885  was  330,000  barrels,  and  in  tlic  8  years  cniliii';  in  ISs",  averaged 
309,000  barrels;  in  1880  it  fell  to  80.00<)"baiiTls.  and  iu  the  succeeding 
10  years  aggregated  only  iSl.ddO  barrels;  was  several  times  below 
25,000  barrels,  and  never  exceeded  HO.OOO  barrels.  Tiie  yield  in  1S08 
was  5,709,000  ihuukIs,  fresh,  valued  at  *-i07,000,  and  ir>,30l)  barrels, 
salte<l,  worth  $170,000. 

The  spawning  season  on  the  east  coast  of  North  America  includes 
the  months  of  May,  June,  and  July,  June  probaldy  being  the  principal 
month.  The  spawLiing-grounds  are  i[i  rallier  deep  water  and  extend 
along  the  entire  coast  from  l.oiig  Islaiul  t<j  tbe  (liilC  of  8t.  Lawrence. 
Most  of  the  bays  and  sounds  of  the  New  I^nglaml  coast  an'  important 
spawning-grounds,  as  is  also  the  (iulf  of  St.  l.awicnce.  Prior  to 
spawning  and  for  several  weeks  thereafter  tbe  uiaekevel  are  lean  aud 
poor  and  never  make  No.  1  fish  when  salted, 

FOOIl   AND    BNEMIKS. 

nackercl  feeds  on  a  largo  variety  of  s 


MANUAL  OF   PISH-CULTUEE.  213 

enemies.  The  presence  of  food  is  frequently  shown  by  flocks  of  birds^ 
especially  phalarox)es,  which  are  called  ^^  mackerel  geese.'' 

The  principal  food  objects  of  the  mackerel  are  small  omstaceans; 
copepods  predominate,  but  shrimps  of  various  kinds,  young  crabs,  etc.^ 
are  also  imi)ortant.  One  of  the  sur£a>ce-swimming  copepods,  known 
as  "red  feed,"  "cayenne,"  etc.,  is  a  very  favorite  food;  when  mackerel 
have  been  feeding  freely  on  it,  they  si)oil  very  quickly  after  being 
caught,  owing  to  their  sides  rotting  or  "  burning."  Fish  constitute  a 
rather  important  part  of  the  mackerel's  diet;  herring,  anchovy,  saud 
launce,  silversides,  menliaden,  and  many  other  small  fishes  are  eaten. 

Among  fishes,  sharks  are,  perhaps,  the  most  destructive  enemies; 
mackerel  sharks  aud  dogfish  are  known  to  prey  on  the  mackerel, 
driving  and  scattering  tlie  schools.  Other  fish  enemies  are  bluefish 
and  cod.  Porpoises  and  whales  are  often  seen  feeding  on  the  maekerel 
schools.  Large  S([uids  do  great  damage  to  small  mackerel  Among 
birds,  the  gannet  is  especially  destructive. 

THE  MAOKEBEL  FISHERY. 

The  mackerel  is  one  of  the  best  and  most  valuable  food-fishes  of  the 
Atlantic  Ocean.  It  is  the  object  of  Important  fisheries  in  Norway, 
Lrelandj  and  Great  Britain,  and  is  extensively  taken  in  the  United 
States  and  the  British  provinces  of  North  America.  The  fishery  is 
prosecuted  with  vessels  using  purse  seines,  gill  nets,  and  lines,  much 
the  largest  part  of  the  catch  being  taken  in  seines.  In  the  boat  fishery, 
lines  and  nets  are  employed.  Stationary  appliances,  such  as  XK)und  nets, 
trap  nets,  and  weirs,  also  secure  considerable  quantities  of  mackerel. 

In  the  United  States  the  vessel  fishery  is  carried  on  chiefly  from 
Gloucester,  Mass.  The  vessels  sail  south  in  early  spring,  and  fall  in 
with  the  fish  when  they  first  appear  off  the  coast  of  the  Southern  and 
Middle  States,  the  catch  being  landed  fresh  in  New  York  and  Philadel- 
phia. The  fleet  next  seeks  the  fish  on  the  southern  shore  of  Nova 
Scotia  and  follows  the  school  north  to  the  Gulf  of  St.  Lawrence. 
During  the  summer  some  of  the  vessels  enter  the  gulf,  but  most  of 
them  cruise  on  the  New  England  shore,  where  most  of  the  fall  fishing 
is  also  done.  Some  ot  the  finest  fishing  vessels  of  the  United  States 
are  engaged  in  this  fishery.  In  recent  years  the  fleet  has  numbered 
only  150  to  225  sail,  but  formerly  nearly  1,000  vessels  were  at  times 
employed  in  this  branch. 

The  shore  and  boat  fishing  is  carried  on  from  New  Jersey  to  Maine. 
The  fish  thus  caught  are  as  a  rule  sold  in  a  fresh  condition. 

The  fishery  is  much  less  productive  than  formerly,  and  during  the 
past  ten  years  has  not  as  a  rule  been  profitable,  although  each  year  a 
few  vessels  make  good  catches  and  yield  very  satisfactory  returns, 
owing  to  the  high  price  of  fish.  The  local  fishing  does  not  supply  the 
home  demand,  and  large  ([uautities  of  fresh  and  salt  mackerel  are. 
aunoaUy  imported  &om  Norway,  Ireland,  and  the  British  provinces. 
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AETIFIClAl,  PROPAGATION. 

The  artificial  pro|iivgatiou  of  luiukerel  was  more  extensively  proee- 
ciitol  ill  1890  ILttii  ill  auy  previous  year.  The  loiig-contiaued  scarcity 
of  tuaclcerel  on  tho  AUautic  eoast  of  the  United  States  Beemed  to 
warrant  some  ettbits  ou  the  part  of  the  Govenimeut  to  increase  the 
supply  by  nrtificial  meaus.  The  limitatioiis  of  mackerel  culture  depeud 
on  the  erratic  movementa  of  the  Dsh  iu  a  given  season  or  ou  a  giv^i 
part  of  the  coast  and  the  diflit-ulty  of  securing  healthy  eggs  in  large 
quantities  from  fish  taken  by  the  commercial  fishermen.  During  the 
summer  of  1896,  21,000,000  mackerel  eggs  were  collected.  The  work 
was  largely  experimental  and  oidy  a  small  i>urcejita{>:e  of  fry  was  hatched, 
but  the  outlook  is  good  for  a  great  expansion  of  mackerel  propagation. 

Tlie  egg  of  tbe  mackerel  is  one  of  the  smallest  dealt  with  by  the  fisb- 
coltarist,  lieing  only  >^  inch  in  diameter.  Being  provided  with  a  lar^ 
oil-globule,  it  floata  at  the  siufiice,  like  tbe  eggs  of  many  other  marine 
£shes.  Within  48  hours  after  fertiliz-ation  it  generally  begins  to  sink, 
remains  iu  snspeusioa  a  short  while,  and  then  falls  to  the  bottom, 
where  it  remains  until  hiitehing  cusue-s. 

Owing  to  the  inability  to  retain  mackerel  in  ponds  or  live-cars  pend- 
ing the  ripening  of  the  eggs,  as  is  done  with  the  cod,  it  is  necessary  to 
de)>end  for  the  egg  supply  on  tbe  uets  of  the  fishermen.  The  egga 
collected  at  Woods  Hole  arc  secured  from  fish  captnreil  in  pound  nets 
nearChathamandatotber[H)intson  tbe  southern  Massachusetts  coast; 
at  Gloucester  trai>s  in  the  vicinity  fnrnish  the  eggs.  As  the  nets  are 
usually  hauled  only  oi\v,ii  or  twice  a  day,  tbe  fish  have  often  been  caught 
fur  many  houi's,  arid  the  tender  eygs  have  uiidergoiie  considerable  loss 
of  vitality;  the  iiUiility  of  the  efigs  seems  to  have  a  direct  relation  to 
the  lenjitb  of  time  the  fish  have  been  in  tlie  nets. 

One  of  tin'  most  favorable  frrounds  for  coUcctiTig  mackerel  spawn  is 
Caseo  l!ay,  <in  (he  coast  of  Maine.  Markeiel  ;ire  taken  chielly  in  drag 
nets  set  about  -1  o'clock  \k  ni.,  and  lumled  from  !)  o'eloi'k  \i.  m.  to  day- 
light. Eygs  from  fish  eau^lit  in  the  first  hauls  of  tlic  uets  are  of  much 
better  quality  than  those  taken  in  the  last  lilts. 

In  collecting  eggs  from  pound  nets  the  spawn-takers  accompany  the 
fishermen  when  they  visit  their  nets  and  oveiliani  tlie  maekere!  as  they 
are  taken  into  the  boats.  The  collecti<ni  of  t-^gs  from  the  dra;Lr  net 
fishermen  rccpiires  the  spawn  takers  to  remain  oil  the  lishin^'-grounds 
from  early  in  the  !ifterinM>n  until  the  next  morning. 

There  is  nothing  peculiar  in  the  methods  of  stripjung  the  lisli,  mixing 
the  eggs  and  luilt.  and  transferring  the  egj,'s  fi'mu  the  field  to  the  hatch- 
ery. Although  both  the  wet  and  the  dry  iLiefhods  of  fertili/.ation  have 
been  practiced,  the  latter  apparently  gives  better  results.     Tin-  average 
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eggs.  The  largest  number  of  eggs  taken  from  one  fish  in  Gasco  Bay 
in  1897  was  200,000. 

From  the  field  the  fertilized  eggs  are  conveyed  to  the  station  in  jars, 
as  described  in  the  chapter  on  cod  propagation.  For  short  shipments 
they  may  be  transported  in  buckets  or  cans. 

Mackerel  eggs  may  be  artificially  incubated  in  a  variety  of  ways.  In 
1896  three  forms  of  apparatus  were  employed  for  comparative  purposes. 
These  were  (1)  the  McDonald  hatching-jar,  with  the  water  supplied 
through  the  long  central  tube  and  discharged  through  a  cheesecloth 
top;  (2)  the  Chester  jar,  and  (3)  the  automatic  tidal-box;  the  latter 
gave  the  best  results. 

Owing  to  the  very  small  size  of  the  eggs,  from  200,000  to  225,000 
may  be  placed  in  a  Chester  jar  and  450,000  or  more  in  a  tidal  box  20 
by  11  inches.  The  eggs  are  manipulated  in  about  the  same  way  that 
cod  eggs  are,  but,  owing  to  the  short  period  of  incubation,  require  very 
little  handling. 

For  reasons  not  yet  definitely  determined,  but  apparently  connected 
with  the  condition  of  the  eggs  rather  than  the  methods  of  hatching, 
mackerel  ova  are  liable  to  exceedingly  large  mortality  during  incuba- 
tion. While  as  many  as  75  i)er  cent  of  certain  small  lots  of  eggs  have 
produced  fry,  less  than  1  i>er  cent  of  most  of  the  eggs  hatch. 

The  i)eriod  of  incubation  at  a  mean  water-temperatureof  68°  is  about 
5  days.  In  48  hours  after  impregnation  the  embryo  is  discernible,  and 
in  G8  hours  its  development  is  far  advanced.  The  critical  period  seems 
to  be  the  end  of  the  third  day,  when  a  large  part  of  the  eggs  die. 

The  fry  are  planted  within  24  hours  of  hatching.  They  are  taken 
to  the  natural  spawning-grounds  in  regular  transportation  cans  and 
liberated  below  the  surface  of  the  water. 


/ 
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THE  FLATFISH,  OR  WINTER  FLOUNDER. 


The  body  of  the  flatflsli  (PscKdojilcurojudes  americanus)  is  regularly 
elli])ticaL  The  eyes  ami  color  are  on  the  right  side.  The  upper  side 
of  the  head  is  covered  with  imbricated  ctenoid  scales  similar  to  those  of 
the  body;  the  blind  side  of  the  head  is  nearly  naked.  The  teeth  are 
close-set,  incisor-like,  and  form  a  contiuuons  cutting  edge;  the  right  side 
of  each  jaw  is  toothless.  The  length  of  the  head  is  contained  4  times 
in  the  length  of  the  body  and  the  depth  2\  times  in  the  body  length. 
The  dorsal  fin  contains  G5  rays  and  the  anal  fin  48  rays.  The  lateral 
line,  which  is  nearly  straight,  has  83  scales.  The  color  above  is  dark 
rusty-brown,  either  i)lain  or  mottled  with  darker;  the  young  are  olive- 
brown,  si)otted  with  reddish;  the  under  i)arts  are  white. 

This  8i)ecies  has  a  comi)aratively  small  mouth,  and  feeds  chiefly  on 
small  shells,  crabs,  and  other  bottom  animals.  It  is  found  on  sandy, 
muddy,  or  rocky  bottoms,  and  seems  to  prefer  sheltered  coves  and 
bays.  Its  coastwise  and  bathic  movements  are  limited.  It  is  one  of 
the  most  abundant  liounders  of  the  Atlantic  coast,  being  especially 
numerous  in  southern  New  England  and  New  York.  It  ranges  as  far 
north  as  Labrador  and  as  far  south  as  the  Carolinas,  but  is  not  present 
in  noteworthy  (jujintities  south  of  New  Jersey.  It  does  not  attain  a 
large  size,  the  usual  length  being  only  12  to  15  inches  and  the  weight 
about  IJ  pounds.  Very  rarely  examples  are  taken  over  20  inches  long, 
weighing  as  much  as  5  jmunds. 

The  winter  llounder  is  exceedingly  prolific,  over  a  million  eggs  being 
laid  by  a  large  tisli.  Along  the  coast  of  the  southern  New  England  and 
Middle  Atlantic  States  the  spawning  season  is  from  February  to  April. 
By  August  the  young  fish,  having  attained  a  length  of  1  or  2  inches, 
are  fcmnd  in  sliiillow  water  along  sandy  shores.  The  species  is  obtained 
principally  during  the  winter  and  spring  months,  and  large  quantities 
are  sent  to  the  markets,  where  it  sells  readily  at  good  prices.  The 
flesh  is  white,  firm,  and  of  excellent  flavor.  Next  to  the  halibut  and 
the  summer  flounder,  or  plaice  (ParaHehthytf  dentatuH)^  this  is  the  most 
imjMjrtant  flatfish  of  the  Atlantic  coast. 

The  winter  flounder  has  been  more  extensively  propagated  than  any 
other  species  of  rUurotwctUUvj  owing  to  the  facility  with  which  its  eggs 
are  obtained  at  Woods  Hole,  where  its  x>ropagation  tills  in  the  time 
between  the  taking  of  cod  eggs  on  one  hand  and  of  lobster  eggs  on  the 
other,  slightly  overlapping  the  ending  of  the  former  and  the  beginning 
of  the  latter.    The  work  covers  that  part  of  the  year  when  the  modt 
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inclemeut  and  cliaiigenble  wcatlier  occurs,  and  18  tiecesBarily  soD]4>wbat 
limited  in  extent  by  uncontrolluble  physical  and  other  conditions. 

During  the  liecal  year  1895-9(1,  the  collections  of  flatfish  eggs  num- 
bered 11,008,000,  which  yieJded  .V7L',000  fry;  in  the  year  1896-97 
84,591,000  eggs  were  taken,  fioni  which  64,0!)5,000  fry  were  hatched. 

The  flatfish  from  which  eggs  itre  obtained  are  very  plentiful  during 
February  in  the  Woods  Hole  region,  being  found  ou  saudy  or  hard  clay 
bottom,  and  taken  in  fyke  nets  set  in  water  from  G  to  14  feet  deep.  As 
many  as  60  to  TO  fish  are  sometitueB  taken  at  one  lift  of  »  fyke  net.  but 

s  a  role  not  more  than  two  or  three  of  thi»  number  are  gravid  tiiib. 
These  nets  are  usually  some  distance  from  the  station,  and  the  fieli  are 
carried  to  the  hatchery  in  transportation  cans,  six  or  eight  being  put 
in  one  can.  In  some  eases  this  trip  ia  made  by  water  in  a,  sfiil  or  row 
boat,  while  at  other  times  it  is  made  overland  by  team.  The  fish  are 
often  carried  10  or  12  miles  without  change  of  water  and  without 
apparent  injury,  A  few  are  caught  while  the  water  temperature  is 
as  low  as  33°  F,,  but  they  are  more  numerous  after  the  tem|ierature 
reaches  34°  or  35°  F.  Ou  arriving  at  lb©  station  the  fish  are  put  into 
Voodeu  tanks  supplied  with  constantly  changing  water,  and  here  tliey 
are  held  until  ripe.  It  is  customary  to  put  both  males  and  feniulea  in 
the  same  box  or  tank.  The  fish  are  examined  daily  and  the  eggs  are 
taken  from  all  which  are  found  to  have  rii>ened,  the  stripped  or  spent 
fish  being  released. 

The  eggs  of  the  flatfish  are  quite  small,  there  being  30  in  a  linear 
in.'h.  Unlike  the  eggs  of  the  cod,  haddock,  niackciel.iuidotlicr  iiiiiiJTie 
fishes,  they  do  not  float,  but  sink  to  tlie  Ijottom  of  the  vessel  in  wjiidi 
Ibey  are  licld.  Tliey  are  not  so  lieavy  ns  tliose  of  the  li.l.ster.  inid  n 
slight  current  causes  them  to  rise  and  carries  tlicni  loaiiuint  wlicrcliicie 
is  Stillwater,  when  they  again  go  t(ilbel)ottinii.  When  lirst  il.-iir.sitcil, 
the  eggs  are  very  adhesive  and  stick  tugctberin  one  inuss  miii  iJusters 
of  difl'erent  sizes.  This  adhesiveness  is.ovciriniic,  in  a  uicasun',  by 
thoroughly  wa.sliing  tliem,  and,  as  this  force  giadiially  m  cakcns  as  the 
eggs  become  older,  usually  nearly  all  the  eggs  are  si']iarate  wlii'ii  tbey 
begin  to  hatch.  Thenseof  dry  iiowderedstaich  is  very  eltectivcloi- tliis 
purjiose;  this  mixes  readily  with  the  saltwater  ami  jidnjiralily  over- 
comes the  glutinosity  of  tlie  eggs.     Its  action  is  imiely  nieclianical. 

In  stripping,  it  is  cusUtmary  to  fill  a  Cliestcr  Jar  witlj  water  and  jjlace 
inside  the  Jar  a  bag  made  of  cheeseelotli,  into  wliii-li  the  e^gs  are 
allowed  to  fall.  The  lish  is  grasped  by  tlie  head  with  tlie  left  liand,  the 
montli  being  in  tiie  jialm  of  tlie  hand,  and  the  ed;ie  on  wliicli  the  vent 
is  located  turned  from  tlie  siiawn-taker.  TLc  right  grasps  Hie  lish  near 
the  tail,  and  as  it  is  moved  with  gentle  [iressure  toward  tin- vent, at  tlie 
same  time  that  tlio  left  thniiib  is  moving  crosswise  ami  exciting  similar 
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of  the  milt  they  are  cleaned  and  the  saperflnous  milt  washed  off  by 
introdaciug  a  gentle  stream  of  water  into  the  bag  and  rolling  the  eggs 
from  side  to  side. 

It  frequently  happens  that  fish  held  in  tanks  to  mature  deposit  their 
6gg8  daring  the  night.  In  such  cases  the  eggs  are  found  on  the  bottom 
of  the  tank  the  next  morning.  They  are  usually  in  clusters  and  when 
examined  with  the  microscope  it  will  bo  found  that  practically  every 
egg  is  fertilized. 

After  the  eggs  have  been  taken  and  fertilized  the  number  is  calcu- 
lated by  measuring  in  a  glass  graduate  and  computing  48,726  eggs 
to  the  liquid  ounce.  The  average  number  of  eggs  is  about  500,000  to 
a  fish.  On  March  6,  1897,  30  ounces,  or  1 ,462,000  eggs,  were  taken 
from  a  fish  20  inches  long  and  11  inches  wide,  its  weight  being  3^ 
pounds  after  the  eggs  were  taken. 

Flatfish  eggs  may  be  hatched  in  several  kinds  of  apparatus,  but  the 
Chester  jar  is  most  used,  in  combination  with  the  McDonald  tidal  box 
employed  in  incubating  cod  eggs.  From  400,000  to  500,000  eggs  are 
uHually  placed  in  each  jar.  The  toj)  of  the  jar  is  covered  with  cheese- 
cloth held  in  place  by  rubber  bands.  The  jar  Is  then  inverted  and 
placed  in  a  tidal  box.  The  usual  complement  of  each  box  is  2  jars.  A 
wooden  frame  of  1-inch  strips  is  x)laced  lengthwise  on  the  bottom  of 
the  box  for  the  jars  to  rest  on,  so  as  to  raise  them  and  allow  the  free 
circulation  of  the  water.  A  hole  in  the  bottom  of  the  jar  allows  the 
air  to  pass  iu  and  out  as  the  water  inside  rises  and  falls.  The  inner 
compartment,  with  a  bottom  of  cheesecloth,  used  in  cod-hatching  is 
omitted. 

As  in  using  the  jars  the  eggs  are  generally  on  the  bottom  all  the 
time,  the  experiment  has  been  tried  of  employing  the  McDonald  box 
with  the  automatic  current  in  order  to  keep  the  eggs  in  circulation.  It 
having  been  found  tliat  the  current  commonly  used  for  cod  eggs  caused 
the  eggs  to  x)ile  up  in  the  end  nearest  the  outlet,  a  stream  was  intro- 
duced into  each  end  of  the  box  and  the  water  was  allowed  to  escape  in 
all  directions  through  a  perforated  nozzle;  the  water  was  kept  about  3 
inches  deej)  in  the  bottom  of  the  box  by  using  a  quantity  sufficient  to 
prevent  the  breaking  of  the  siphon.  By  this  means  a  constant  current 
is  formed,  the  eggs  develop  nicely,  and  the  fry  hatcli,  but  the  current 
necessary  to  keep  the  eggs  in  circulation  is  strong  enough  to  kill  the 
fry  by  forcing  them  against  the  sides  of  the  box.  This  experiment  is 
tberefore  not  considered  a  success. 

The  period  of  incubation  when  the  mean  water  temx)erature  is  37°  or 
380  F.  is  17  or  18  days. 

The  fry  of  the  flatfish,  although  much  smaller  than  those  of  the  cod, 
are  much  more  lively,  and  are  straightened  out  when  first  hatched. 
Unlike  the  young  cod,  they  do  not  float  on  the  surface,  but  are  scat- 
tered through  the  water  from  top  to  bottom,  many  being  seen  amoug 
the  eggs  on  the  bottom  of  the  jars.    Unlike  the  adults,  the  flatfish  fry 
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Bwim  with  the  body  npriglit,  as  young  fisli  of  otber  families  do,  and 
when  first  hatched  the  eyes  are  ou  opposite  sides  of  the  head.  At  the 
age  of  about  three  mouths,  however,  oue  of  the  eyes  will  have  moved 
to  the  other  side  of  the  head,  to  conform  with  the  change  of  the 
body  in  swimmiui;  froio  an  apright  to  a  Hat  position.  The  position 
Goustantly  assumed  by  the  very  yonug  fry  is  peculiar,  the  long  axis  of 
the  body  being  vertical,  with  the  head  upward.  This  is  owing  to  11 
large  oil  globule  in  the  anterior  part  of  the  yoll^-sac.  I 

The  fry  are  quite  hardy  and  stand  tranaportatiou  very  well.  Th«y^ 
have  been  kept  three  weeks  without  chaage  of  water  in  a  bottle  hang- 
ing in  a  box  nf  ruouing  water  to  maiutain  an  even  temperature  iu  the 
bottle.  Id  plauting  the  fry,  which  is  done  iu  one  or  two  days  after 
hatching:,  they  are  put  into  the  tratie porta tiou  cans  commonly  used  for 
such  pur[)06e»  and  taken  in  a  boat  to  localities  in  which  the  brood  &£h 
arc  found.  The  cans  are  put  overboard  and  sunk  until  the  month  is 
submerged,  wheu  the  contents  are  gently  turned  out.  For  a  trip  of  not 
more  than  two  or  thi'ee  hunrs'  duration,  with  w;iter  temperature  about 
38"  F.,  from  400,000  to  500,000  fry  may  be  safely  carried  iu  a  10-gaIlon 

iTHE    SAND-DAB   AND   FOUR-SPOTTED    FLOUNDER. 

Besiden  the  Hatfish  or  winter  tlounder,  two  other  flounders  have  been 
artififially  hatched,  on  a  small  scale,  at  Woods  Hole;  these  are  the 
Band-dab  (Bothus  maculatvs)  and  the  four-spotted  ftoundbT  (Paralichtkys 
oblongvs).  The  epgs  of  both  fish  are  buoyant,  and  deposited  in  May. 
Those  of  the  loruier  arc  J,  inch  iu  diameter,  and  of  the  latter  /g-  inch. 
The  i)eriod  of  incubation,  at  a  tempi.'rature  varyiug  from  ■">1°  to  5i°  F., 
is  about  8  days. 


MISCELLANEOUS  MARINE  FISHES. 


In  addition  to  the  salt-water  fishes  previously  considered,  a  number  of 
others  have  been  artificially  propagated  by  the  U.  S.  Fish  Commission. 
With  some  of  these  the  fish-cultural  work  has  been  rather  extensive; 
with  others,  hardly  more  than  experimental.  Among  those  to  which 
most  attention  has  been  given  are  tautog,  Spanish  mackerel,  pollock, 
and  haddock.  Others  that  have  come  in  for  a  share  of  either  practical 
or  experimental  work  are  sea  herring,  scup,  sea  bass,  squeteague, 
cunner,  sheepshead,  and  several  flounders. 

The  same  methods  of  culture  mentioned  hereafter  in  connection  with 
tautog  are  applicable  in  general  to  scup,  sea  bass,  squeteague,  and  other 
species  having  floating  eggs. 

THE   TAUTOG. 

The  tautog  ( Tautoga  onitis)  is  a  strongly  marked  si)ecies.  It  belongs 
to  a  family  {Labridw,  or  the  wrasses)  characterized  in  part  by  one 
dorsal  fin,  thoracic  ventral  fins,  double  nostrils,  thick  lips,  and  strong 
teeth  in  the  jaws.  The  tautog  has  an  elongated  body  and  a  large  head 
with  a  convex  profile.  The  rather  small  mouth  is  armed  with  strong 
conical  teeth  in  two  series.  The  eye  is  small  and  placed  high  on  the 
side  of  the  head.  The  body  is  covered  with  small  scales,  in  about  60 
transverse  rows  and  40  longitudinal  series.  The  head  is  destitute  of 
scales,  with  the  exception  of  a  small  patch  behind  the  eye.  The  dorsal 
fin  is  long  and  low,  with  IG  strong  spines  and  10  soft  rays.  The  anal  fin 
contains  3  spines  and  8  rays.  The  body  length  is  3^  or  3J  times  that  of 
head  and  2g  or  3  times  the  depth.  The  gillrakers  are  short,  feeble,  and 
number  only  9.  The  color  of  adults  is  almost  uniformly  blackish  or 
greenish;  the  young  are  marked  by  dark  irregular  crossbars  on  a  pale 
brownish  background j  chin,  white;  iris,  bright  green. 

The  tautog  is  of  considerable  importance  in  certain  parts  of  its  range. 
It  is  found  from  Maine  to  South  Carolina,  but  is  most  abundant  in 
Massachusetts,  lihode  Island,  and  New  York.  It  is  one  of  the  best- 
known  shore  fishes  of  the  east  coast,  and  goes  by  a  variety  of  names, 
among  which  are  blackflsh,  chub,  oyster-fish,  and  moll,  besides  the 
most  generally  used  name  of  tautog. 

The  tautog  inhabits  principally  rocky  bottom,  where  it  hides  in  crev- 
ices, often  with  its  body  in  an  apparently  very  unnatural  position.  It 
is  quite  susceptible  to  changes  in  temperature,  and  during  winter  enters 
into  a  state  of  hibernation  in  the  more  northern  parts  of  its  range. 
Its  coastwise  movements  are  very  limited.  Its  sharp  strong  teeth 
enable  it  to  consume  mollusks  and  crustaceans,  which  are  its  chief 
food;  it  also  eats  sand-dollars,  worms,  and  other  animals. 
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The  taatog  is  taken  for  market  in  oonsiderable  naiiibers  by  means  of 
liues  and  traps.  It  bitc«  quite  re^ily  aud  is  a  fiivnrite  with  anglers. 
Its  average  weight  as  caught  for  Hale  is  not  more  than  2  or  3  pounds, 
but  tantog  weighing  from  U  t^i  15  pounds  are  aot  rare.  The  maximum 
weight  is  about -'i^  ponuds;  nuvh  a  specimen  from  Nev  York,  36HucheB 
long,  is  preserved  in  the  IT.  S,  National  Masoatn.  Tlie  annual  commer- 
cial catch  of  tautog  is  about  1,000,001)  ponnda,  valued  at  «li5,000.  Most 
of  the  yield  is  from  Massacbuselts,  Rhode  Island,  and  New  Jersey. 

The  spawning  season  on  the  southern  New  England  coast  extends 
from  April  to  August,  although  .lune  apjtears  U)  be  the  principal  month. 
The  young  are  very  abundant  along  the  shores  in  the  fall. 

The  artificial  propagation  of  tantog  was  cxi>erimentally  undertaken 
at  Woods  Hole  in  l«*li.  In  1S96.  31,431.000  eggs  were  taken  in  June; 
from  these  li,57i),(K)0  fry  were  hatched  and  planted  in  neighboring 
waters, 

Tautog  from  which  eggs  for  batt^bing  are  taken  are  obtuine<l  from 
nets  or  from  line  fishermen  near  the  station  and  transferred  to  live-cars. 
Wlien  lirst  brought  in  they  seldom  yield  any  eggs,  but  in  ;i  to  6  hoars 
they  may  be  stripi>ed  of  a  part  of  their  eggs.    The  eggs  taken  after  fish    i 
are  held  mure  than  6  hours  are  usually  of  no  value,  and  those  obtained.4 
from  flsh  retained  one  night  are  invariably  worthless.  I 

The  tautog  is  very  prolific.     In  18116  a  O^-pound  flsh  yielded  1,142,000  J 
eggs,  and  it  was  estimated  that  the  ovaries  contained  fully  as  inany 
more  eggs  that  were  not  yet  mature.    The  average  number  of  eggs  per 
fish  is  from  ir>0,000  to  200,000. 

Tlie  eggs  of  tlie  tautoj;  are  about  -Jj  incli  in  diameter.  They  are 
buoyant,  like  tliose  of  tlie  uiackcrol,  and  arc  suscc]ililile  of  the  same 
nu'thod  of  liatchiug.  Wlicu  placed  in  the  automatic  tidal  box,  they 
hatcli  in  about  5  days,  with  the  water  temperature  at  ti!'^  F.,  and  in  2 
or  3  days  with  the  Icmperatnrc  at  7P. 

Tlie  newly  liiilclied  fry  iirc  transparent  and  exceedingly  small,  the 
lengUi  beiiij:  only  .'^  ini;li.  TJicy  are  i|Uite  hiirdy  aiLd  ,st;iiid  transpor- 
tation well.     They  are  ])hin(cd  shortly  after  hatching. 

THE  SPANISH  MACKEREL. 
The  Spanisb  mackerel  {f^oomlirnnin'riis  vKimlntiis)  is  ihc  best-known 
fiab  of  tlic  genus  and  the  oTLly  one  that  lias  received  Ulc  iiltenti()n  of 
fisJi-culturists.  From  llie  otlier  sjiecies  of  Svoiiilin-uuiorus  found  on  the 
easleni  rriited  States  coast  {S.  re;i<ilix,  the  kingfish,  and  K  faralla, 
tlie  cero)  this  lish  is,  in  ]>urt,  distinguished  by  its  smallci'  size  and  by 
the  iiisertioiL  of  the  soft  dorsal  tin  In  advance  of  the  anal.  The  body 
is  Ion;;,  tilt!  Iicad  small  aud  ])oiiiteiI,  the  mouth  large  and  armed  with 
j.riJiiiiiieiit  tcetli.  The  anterior  dorsal  fm  hits  17  spines,  the  soft  dorsal 
-j  anil  17  ra>s.     Heliind  bmli  the 
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This  fish  is  widely  distributed,  being  found  on  both  coasts  of  North 
America.  On  the  west  coast  it  does  not  enter  United  States  waters^ 
but  on  the  Atlantic  seaboard  it  ranges  from  Texas  to  Massachusetts. 
It  is  especially  abundant  in  the  Gulf  of  Mexico,  among  the  Florida  keys, 
in  Chesapeake  Bay,  and  on  the  coast  of  the  Middle  Altantic  States. 

Its  maximum  weight  is  about  9  pounds.  Many  weighing  only  1  or 
1^  pounds  are  caught  for  market,  and  the  average  is  less  than  3  pounds. 

The  Spanish  mackerel  is  one  of  the  choicest  food-fishes  of  American 
waters;  in  popular  estimation  it  is  scarcely  surpassed  by  any  marine 
species  except  the  pompano.  It  is  caught  throughout  its  range  on  the 
east  coast  with  gill  nets,  seines,  pound  nets,  and  lines.  The  principal 
fishing  is  on  the  west  coast  of  Florida,  on  the  Louisiana  coast,  in  the 
lower  part  of  Chesapeake  Bay,  and  on  the  coasts  of  New  Jersey  and  New 
York.  The  approximate  annual  value  of  the  catch  at  present  is  $112,000, 
which  represents  1,700,000  pounds;  In  1880  the  output  was  1,887,000 
X)onnds,  having  a  value  of  $132,000.  The  yield  in  the  Middle  States  is 
much  less  than  formerly,  while  in  the  Gulf  States  it  has  increased. 

The  fish  spawns  througliout  its  entire  range  on  the  United  States 
coast.  The  spawning  season  is  quite  prolonged,  extending  firom  April 
in  the  Carolinas  to  September  in  New  York,  and  in  a  given  locality 
continues  from  six  to  ten  weeks.  All  of  the  eggs  in  the  ovaries  of  a 
given  fish  do  not  mature  at  one  time;  eggs  in  all  stages  of  development 
may  be  found,  suggesting  a  comparatively  long  spawning  season  for 
individual  fish  as  well  as  for  the  species  as  a  whole.  The  eggs,  when 
laid,  float  at  the  surface,  where  they  are  driven  about  by  wind  and  tide. 
Doubtless  a  large  percentage  of  the  eggs  do  not  hatch,  through  failure 
of  fertilization  and  by  being  stranded.  The  eggs  are  very  small,  their 
diameter  being  only  ^„  to  oV  of  an  inch. 

The  artificial  impregnation  and  hatching  of  Spanish  mackerel  eggs 
were  first  accomplished  in  1880,  since  which  time  the  propagation  of 
the  fish  has  been  taken  up  on  a  number  of  occasions,  although  the 
work  in  any  one  season  has  been  comparatively  limited. 

The  serious  dhninution  in  the  supply  of  this  species  in  certain  sec- 
tions seems  to  call  for  its  artificial  cultivation  whenever  it  can  be  taken 
up  without  detriment  to  the  proi)agation  of  other  more  or  equally 
imx)ortant  fish. 

In  the  work  of  artificially  propagating  this  fish  recourse  has  been 
had  to  the  nets  of  commercial  fishermen  for  the  supply  of  spawn  and 
milt.  Chesapeake  Bay  has  been  the  seat  of  the  principal  operations, 
which  have  been  conducted  by  the  steamer  Fish  ffaicJc.  The  catch  of 
Spanish  mackerel  in  this  bay  in  pound  nets  and  other  appliances  is 
very  large,  and  the  facilities  for  fish-cultural  work  of  this  character 
are  doubtless  superior  to  those  of  any  other  section,  with  the  possible 
exception  of  the  west  coast  of  Florida. 

The  necessity  for  depending  on  the  fishermen  for  the  supply  of  eggs 
is  somewhat  detrimental  to  the  best  results  and  prevents  extensive 
work,  although  the  owners  of  fishing  apparatus  heartily  cooperate. 
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Owing  to  tbe  fact  that  tbe  fisli  appear  to  spawn  mostly  at  night, 
when  the  pound  nets  are  htWI  iu  the  morning  tbe  rii>e  egg»  Itave  in 
many  cases  been  extrmied  before  the  spawn-taker  could  secure  them. 
The  iojnries  which  the  fish  sustain  while  in  the  pound  iiet«  and  daring 
the  hanliiig  of  the  nets  appear  to  seriously  atl'ect  the  eggs  and  cause 
the  non-hatching  of  A  comparatively  large  percentage.  Undoubtedly 
better  results  may  bu  obtained  if  a  number  of  not:*  are  fished  cxcbi- 
sively  for  this  purpose,  insuring  the  careful  removal  of  fish  at  tbe  best 
times  for  taking  and  fertilizing  the  eggs. 

The  eggs  are  very  delicate  and  susceptible  to  meteorological  infla- 
ences.  Their  development  is  markwlly  affected  by  water  temperature 
and  atmosphei-ic  conditions;  electrical  disturbances,  as  with  other  flsh 
eggs,  are  injurious,  but  to  what  extent  and  in  what  way  are  not  known. 
The  largest  number  of  ripe  eggs  tlius  far  taken  from  a  single  8i>6cimen 
is  «0,000,  but  the  average  is  only  2ll,(HHI. 

The  Chester  jar,  such  as  is  used  iu  hatching  flatfish  eggs,  has  beeu 
found  the  best  apparatus  for  Spanish  nia^'kercl  eggs.  If  the  jars  are 
kept  clean  and  not  overcrowded,  a  constant  current  of  water  does  not 
seem  to  be  e^ential;  of  a  lot  of  60,0tM»  eggs  iu  a  jar  of  quiet  water,  90 
per  cent  batched.    The  cod  tidal-box  is  also  adapted  to  this  work. 

In  ordinary  bay  water  having  a  density  of  l.flU  to  1.019,  the  eggs 
are  buoyant  and  remain  at  the  surface  until  batching  ensues;  but  in 
water  of  low  specific  gravity  they  sink  and  give  unsatisfaotory  results. 
The  period  of  incubntion  is  very  short.  Undi>r  uorninl  conditions  eggs 
hateh  in  20  to  30  hours,  averaging  25  hours,  at  a  temperature  of  77° 
or  78°.    The  fry  are  planted  soon  iilt<;r  Imtcliing. 

HADDOCK,  POLLOCK,  AND   OTHER  GADIDffi. 

The  methods  of  culture  cm|)loyed  with  tliocod  ;irc  ;i j i pi i cubic  to  other 
members  of  the  cod  family  hiiving  hunyam  cfjcs,  Tlii>  Iriited  States 
Fish  UoininissionliavelVeiiUently  ImUi-ii  and  lialelu'd  i'yj;s(if  tlic  pollock 
{I'oUtirhins  cirrus]  and  the  liadclo.k  {Mrl.itinijnuiniu'x  tiiilhiuiis).  Jiutli 
arc  iuiport^tnt  food- li^hcs,  but  much  less  valualilc  tiiari  the  cixl.  and  the 
collection  of  eggs  has  generally  been  only  supph-uiciital  to  coil  work. 

The  pollock  is  found  fVoin  New  .Icrsi-y  iioitlnvanl.  It  frocs  in  larfre 
schools,  which  are  often  futind  at  the  soi'face,  thus  diiicriiig  fn.ui  the 
cod  and  haddock.  The  average  weiglit  is  D  or  10  pounds,  iiii<l  the 
maxbnum  abcmt  30  pounds.  Fishing  is  .■hielly  done  from  small  vessels 
and  boats,  and  is  must  important  in  .Massaihuseiis.  Tlie  value  of  the 
annual  catch  is  about  805,001).  The  pollock  is  an  excellent  Ibod-tish 
iu  both  a  fresh  and  a  salted  eonilition. 

The  egg.s  of  the  piill(»-k  have  at  times  been  gathered  in  large  iinm- 
bers  in  the  vicinity  of  (Uotic-esten  duringsoMicseasr.nsalu.nl  41»,000,000 
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with  nets  and  lines  by  commercial  fishermen ;  the  average  number  of 
eggs  to  a  fish  is  from  200,000  to  250,000.  The  period  of  incubation  is 
somewhat  shorter  than  that  of  the  cod,  being  9  days  at  43^  and  6  days 
at  49^.    About  5  days  are  required  for  the  absorption  of  the  yolk-sac. 

The  haddock  ranges  from  Delaware  northward,  and  is,  as  a  rule,  very 
abundant  on  the  << banks'^  lying  off  the  New  England  shore*  In  its 
habits  it  is  similar  to  the  cod,  frequenting  the  same  grounds  and  being 
caught  at  the  same  time.  Its  average  weight  is  about  4  pounds  and 
the  maximum  under  20  pounds.  The  fishery  is  very  extensive  in  Mas- 
sachusetts, most  of  the  catch  being  landed  fresh  in  Boston.  The 
annual  yield  is  about  50,000,000  pounds,  worth  $850,000. 

The  artificial  propagation  of  haddock  has  been  conducted  chiefiy  at 
Gloucester,  where  as  many  as  30,000,000  eggs  have  been  collected  in  a 
single  season.  The  eggs  are  about  ^V  in<^h  in  diameter,  and  are  quite 
delicate  and  tender.  The  spawning  time  extends  from  January  to 
June.    The  average  production  of  eggs  per  fish  is  about  100,000. 

The  eggs  are  slightly  glutinous  and  have  a  tendency  to  form  into 
small  lumps  during  hatching.  At  a  mean  temperature  of  37^  they 
hatch  in  15  days,  and  at  41^  in  13  days.  The  yolk-sac  is  absorbed  in 
10  days  at  a  temperature  of  41  o. 

The  tomcod  or  frostfish  (Microgadus  tomcod)  has  been  extensively 
propagated  by  the  New  York  Fish  Commission.  It  is  a  small  but 
excellent  food-fish,  found  along  the  Atlantic  coast  from  New  York  to 
the  Bay  of  Fundy.  It  is  most  abundant  in  early  winter,  when  it 
approaches  the  shores  and  ascends  streams  for  the  purpose  of  spawn- 
ing.   It  rarely  exceeds  10  or  12  inches  in  length. 

THE   GUNNER. 

The  eggs  of  the  cunner  or  chogset  (CUnolahrm  ad^ersus)  are  of  the 
same  size  and  character  as  those  of  its  near  relation,  the  tautog,  and 
are  deposited  during  the  same  season.  In  water  having  a  mean  tem- 
perature of  56^  F.  they  have  been  hatched  in  5  days,  in  the  tidal  cod-jar. 
On  account  of  the  small  size,  great  abundance,  and  comparatively 
little  commercial  value,  the  propagation  of  the  cunner  has  not  been 
regularly  undertaken. 

THE  SCUP. 

The  scup  (Stenotamus  chrysops)  is  a  rather  important  small  food-fish 
found  along  the  Atlantic  coast  from  Gape  Ann  to  South  Carolina;  it  is 
most  abundant  in  southern  New  England.  It  spawns  in  June.  The 
eggs  are  ^  inch  in  diameter  and  hatch  in  4  days  at  a  mean  tem- 
perature of  620  F. 

THE  SEA  BASS. 

The  eggs  of  the  sea  bass  {Oentropristes  striatus)  are  of  the  same  size 
as  scup  eggs,  are  deposited  in  June,  and  hatch  in  5  days  with  the 
WBtAT  temperature  59^  or  60^.    The  sea  bass  is  an  important  food-fish^ 
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foiinil  &om  M»8Bacbusette  to  Florida;  it  is  taki^n  in  large  quantities 
from  New  Jersey  northward  with  lines  ami  trftps.  It  attains  a  weight 
of  5  pounds,  but  the  average  weight  is  only  L  or  1^  i>oiinda. 

THE  SQUETEAGUES. 

The  sqoeteagae  or  weaVfish  (CynoKcion  rpi/a/w)  is  a  prominent  food- 
finh  of  the  Atlantic  and  Onlf  coasts,  the  northern  limit  of  its  range 
being  in  the  vicinity  of  Gape  Cotl.  It  goes  in  immense  schools  and  ia 
taken  in  large  qnantitiea  for  market,  in  North  Caroliua,  Chesapeake 
Bay,  Delaware  Bay,  on  the  New  Jersey  and  New  York  eoosts,  and  in 
Boutheni  New  England.  It  varies  greatly  in  size;  the  average  weight 
is  ander  6  pounds,  bnt  it  has  been  known  to  attain  a  weight  of  30 
ponnds.  lu  the  vicinity  uf  Woods  Hole  this  fish  Rpawns  in  June.  Its 
eggs  are  ^^  inch  in  diameter,  and  at  an  average  teiujierature  of  00°  F. 
liat<^'h  in  2  days. 

The  spotted  squeteagne  or  "sea  tront"  {Cpwaeion  ncbuloaum)  h&s 
also  been  propagated  on  a.  small  scale.  It  is  a  valuable  fowl-fish  iram 
Chesapeake  Bay  southward,  being  taken  in  largest  quantities  in  Vir- 
ginia, North  Carolina,  Florida,  and  the  Oulf  States.  Its  average  weight 
is  2  pounds  and  its  niaximnm  10  pounds.  It  spawns  in  bays  and  sounds 
in  spring  and  summer,  the  time  varying  with  the  latitude.  The  eggs 
are  buoyant,  ^  inch  in  diameter,  and  hatch  in  about  40  hours  at  a 
teuiperalure  of  77"^  F.  Thi.s  species  liii.s  been  artificially  hatehed  on 
the  southwest  coast  of  Florida  by  the  steamer  Fiak  Hawlc. 

THE  SHEEPSHEAD. 

The  sheepshead  {Archosarf/m  prohntocejthnl nx)  is  sreiicrally  rofrarded 
as  one  of  the  best  food  Jislies  of  Aiiu'rican  waters.  Its  lieeii  Imdy.nf  a 
grayish  color,  marked  by  8  transverse  black  hands,  ;ind  its  iiceuliarly 
shaped  head,  with  nioutii  ai'med  with  prominent  iiielsoi'  teeth,  make  it 
readily  recognized.  It  ranges  from  Uiijie  Cod  to  Texas,  bnt  is  most 
abundant  from  Chesapeiike  IJiiy  soutliwavd.  It  attains  a  weij;ht  of 
over  20  pounds,  bnt  the  average  weight  on  tlM!  Atlantic  icmst  is  not 
over  7  or  8  pounds,  and  in  the  Gulf  of  .Me.iiieo  scarcely  exreeils ;!  jmunds. 
In  .southern  waters  the  fish  is  a  iicrminu-iit  resident,  Iwit  in  the  northern 
part  of  its  range  it  is  found  only  during  spring,  summer,  and  autumn. 
The  spawning  season  is  from  March  to  June,  according  to  the  locality. 

The  artificial  hatching  of  the  shcepshend  has  been  nndeitakcn  on 
several  occasions,  but  is  not  regularly  prosecuted.  The.  most  extensive 
work  was  conducted  by  the  Finh  llairic  in  March  and  April,  ISSii,  when 
23,40<t,00ll  eggs  were  taken  in  the  vicinity  of  San  <'ailos  Hay,  on  the 
southwest  coast  of  Florida.  Thes.^  yielded  lt;,0(H),iK)ll  healthy  fry,  most 
of  which  were  planted  in  local  waters. 
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sheepshead  swim  in  schools^  and  seem  to  prefer  sandy  beaches,  along 
which  they  resort  at  a  depth  of  6  or  8  feet. 

The  sheepshead  egg  is  very  small,  transparent,  and  of  less  specific 
gravity  than  sea  water.  The  diameter  is  3^,^  of  an  inch,  and  the  number 
in  a  fluid  ounce  is  about  50,000,  or  1,600,000  in  a  quart 

The  eggs  are  satisfactorily  incubated  in  the  tidal  codjar,  about 
300,000  eggs  being  placed  in  each  jar.  The  development  is  veiy  rapid, 
and  in  the  warm  water  of  the  Gulf  (76o  or  77^  F.)  tbe  eggs  hatch  in  40 
hours.  The  newly  hatched  fry  are  very  small,  but  active  and  strong, 
and  withstand  considerable  rough  handling.  They  are  planted  when 
72  to  80  hours  old. 

It  is  probably  not  practicable  to  carry  on  extensive  sheepshead 
hatchiug  north  of  Florida,  although  small  quautities  of  eggs  could 
doubtless  be  taken  in  North  Carolina  and  Virginia. 

THE  SEA  HERRING. 

The  sea  herring  (Clupea  harengns)  may  be  distinguished  from  other 
clupeoid  fishes  found  in  United  States  waters  by  the  following  char- 
acters: Body  elongate  and  laterally  compressed,  the-  depth  contained 
4^  times  in  length;  mouth  at  end  of  snout;  lower  jaw  projecting, 
extending  to  beneath  the  middle  of  eye;  roof  of  mouth  with  an  ovate 
patch  of  small  teeth;  gillrakers  long  and  slender,  about  40  below 
the  angle  in  adults,  fewer  in  young;  dorsal  fin  with  18  rays,  inserted 
slightly  behind  middle  of  body;  ventral  fins  beginning  beneath  middle 
of  dorsal;  anal  fin  with  17  rays;  median  line  of  belly  with  28  weak 
spines  or  scutes  in  front  of  ventral  fins  and  13  behind  fins;  scales  thin, 
easily  detached,  posterior  edges  rounded,  57  in  lateral  series;  color 
bluish  or  bluish-green  above,  light-silvery  below. 

The  sea  herring  exists  in  great  abundance  on  both  shores  of  the 
Atlantic  Ocean  north  of  the  latitude  of  about  37^  north.  On  the  coast 
of  North  America  it  is  not  regularly  abundant  south  of  Gape  Cod,  but 
it  is  occasionally  found  as  far  south  as  Chesapeake  Bay.  In  number  of 
individuals  this  species  is  probably  exceeded  by  no  other  fish.  On  the 
Pacific  Coast  a  similar  and  almost  equally  abundant  species  {Clupea 
pallaHi)  is  found  from  Alaska  to  Mexico. 

There  are  no  well-defined  movements  of  the  herring  on  the  west 
shore  of  the  Atlantic,  if  those  induced  by  the  spawning  instinct  are 
excepted.  There  was  formerly  a  distinct  shoreward  migration,  during 
the  winter  months,  in  the  Bay  of  Fundy,  but  this  run  has  not  occurred 
for  a  number  of  years.  In  many  places  the  herring,  especially  the 
smaller  individuals,  appear  to  be  resident  in  the  shore  waters.  The 
maximum  length  of  this  fish  is  about  17  inches,  and  the  uspal  length  of 
spawning  fish  on  the  United  States  coast  is  from  11  to  14  inches. 

The  herring  subsists  on  minute  invertebrates,  chief  among  which  are 
copepods,  larval  worms,  and  larval  mollusks.  In  turn  it  is  consumed 
in  enormous  quantities  by  cod,  haddock,  sharks,  and  many  other  fishes. 


I 


228       REPORT    OF   COMMISSinNEE   OF    Kisn    AND    FlailERIES. 

With  respect  ta  the  time  of  spawning,  the  berring  may  be  divided 
into  two  groapB,  one  spawning  in  tlie  spring,  in  April,  May,  and  June, 
and  the  other  between  July  aud  December,  The  spring  spawning 
occnrs  entirely  ea«t  of  Eastport,  Maiiie.  and  tlie  fall  spiiwniug  princi- 
pally,  bntnot  entirely,  west  of  that  place.  Probably  the  greatest  spawu- 
ing  gnmnda  soulli  of  the  Gulf  of  St.  LawrenL-e  are  iit  Grand  Manan, 
whe.re  the  eggs  are  dejwsited  principally  in  Jnly,  Angust,  and  Septem- 
ber. Thence  the  Reason  becomes  progressively  later  westward,  on  tfae 
coast  of  Maine  occnrring  between  September  laud  October  l.T;  on  the 
eastern  coast  of  Massachusetts,  between  Octobci- 1  aud  Kovember  1, 
and  south  of  Cape  Cod  from  October  15  to  December  1. 

The  female  of  average  sire  deposits  between  20,000  and  47,IK)0  eggs 
at  tispawuing,  UMially  not  far  from  30,<>00.  The  eggs  are  deposited 
apon  the  bottom,  aud,  being  covereii  with  »  glutinous  material  which 
Boon  hardens  in  contai^t  with  the  waU-r,  they  iiecome  firmly  attached 
to  extraneous  materials,  to  which  they  often  adhere  in  masses  as  large 
as  a  walnut.  The  egg  uieasnres  about  ,}„  inch  in  diameter,  and  18 
nsually  polyhedral  from  mutual  pressnre  exerted  by  tlie  eggs  in  masses. 

The  commercial  valae  of  the  sea  herring  is  almost  incalculable.  It 
U  andonbtedly  the  most  important  of  food-fishes,  although  in  the  United 
States  it  is  surpassed  in  economic  valne  by  many  marine  and  fresh- 
water speeies.  Some  time  ago  the  annual  yield  of  the  world  was  esti- 
mated ;it  3,0(10,000,0(10  fisii,  weighing  1  ..WO.OtW.OOO  pounds,  the  principal 
part  of  which  was  taken  in  Norway.  In  the  New  England  States  the 
annual  catch  is  about  70,000,000  poun.lw,  with  n,  lirst  valne  of  §600,(M10. 

The  herring  has  beou  nrtilicially  pro|iag:ite(I  ln-lli  in  tliis  country  and 
in  Europe,  but  owing  to  il.'*  great  aliumhuire  the  work  lias  iieen  only 
ex |>eri mental.  In  the  t'nitt-d  States  theic  has  as  yet  been  no  perma- 
nent iliminut  ion  of  tlie  supply  that  leinliTs  (lie  cultivation  I'f  the  speeies 
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but  tills  difficulty  could  doubtless  lie  obviated  by  flic  use  of  starch,  as 
with  olher  cohesive  eggs. 

Development  takes  place  in  water  langhig  in  icmperatnre  between 
;J3''  and  orpF,,  the  time  nf  incubation  varying  rnnn  almntforty  days  at 
the  former  temperature  to  eleven  or  t"elve  days  at  the  latter.  Sudden 
and  extreme  variation  between  the  temi>erature  limits  nientiimed  had 
little  or  no  effect  except  to  retard  or  accelerate  the  hatching  in  accord- 
ance with  the  rule  .just  mentioned.     When  water  i  if  a  tcm|ierature  lower 


\ 
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THE  AMERICAN   LOBSTER. 


DESCRIPTION. 

The  lobster  (Homarus  amerieanmt)  belongs  to  that  group  of  the  cras- 

taeeacalled  the  Decapoda,  because  all  of  it^  luembers  are  provided  with 

ten  feet,  more  or  less  adapted  for  walking.  To  the  Decapoda  also  belong 

the  crabs  and  the  shrimps,  prawns,  and  crayfisli.    The  crabs  are  less 

idated  to  the  lobster  than  the  other  forms  mentioned,  and  may  be 

nadOy  distinguished  from  them  by  the  relatively  great  breadth  of  the 

body  and  the  small  size  of  the  abdomen  or  tail,  which  is  doubled  under 

fke  thorax  to  form  the  **  apron."    The  lobsters,  crayfish,  shrimps,  etc., 

are  elongate  forms  with  the  tail  or  abdomen  very  large  and  extended 

iDoreor  less  in  the  same  horizontal  plane  with  the  anterior  part  of  the 

body.   The  lobster  and  the  crayfishes  are  somewhat  closel}"  related,  but 

differ,  among  other  characters,  in  the  number  and  structure  of  the  gills 

udin  the  relative  size  of  the  fiat  plate  or  scale  which  is  attached  at 

thelmseof  the  antenme  or  long  feelers.    The  Pacific  Coast  crayfishes 

bave  18  gills,  those  east  of  the  Kocky  Mountains  have  17,  while  the 

lobster  has  20.    The  appendage  of  the  antenna  is  large  in  the  cray- 

ibhes,  bat  very  small  in  the  lobster.    Moreover,  tlie  crayfishes  rarely 

eiceed  5  or  6  inches  in  length,  while  the  adult  lobster  is  much  larger, 

M  seen  in  the  markets,  sehioni  measuring  less  than  9  or  10  inches. 

The  spiny  lobster,  the  "lobster"  of  the  Pacific  Coast,  is  reiidily  distin- 

gniehed  from  the  crayfish  and  the  common  lobster  by  the  total  absence 

of  great  claws,  by  the  greater  length  and  stoutness  of  tlie  antenna',  and 

by  the  presence  of  large,  broad-based,  spinous  ])iocesses  on  tlie  back. 

The  body  of  the  lobster  is  divided  into  two  distinct  regions,  the 

eephalothorax  and  abdomen.    The  former  consists  of  the  head  and 

thorax  fnsed  into  one  united  whole.    That  imrtion  which  would  consti- 

tote  the  head,  were  it  separate,  bears  the  eyes,  the  two  pairs  of  feelers, 

and  the  month,  with  the  several  pairs  of  modified  limbs  which  surround 

that  organ  and  assist  in  tearing  up  the  food  and  passing  it  into  the 

month.    The  thoracic  portion  of  the  cex)lialothorax  is  furnished  with  five 

pairs  of  stoat  limbs,  the  first  pair  bearing  the  great  claws,  which  are 

rarely  of  the  same  size  on  the  two  sides,  ami  tlie  last  four  pairs  1)eing  used 

in  walking.    From  the  fact  that  this  portion  of  the  body  bears  five  pairs 

of  appendages,  it  is  assumed  that  it  represents  five  fuvsed  segments. 

The  abdomen  is  narrower  than  the  ce])halothorax  and  is  com}K>sed 
of  Biz  separate  segments  movable  on  one  another.    l\\t\\ibi^T£A\&\XL^ 
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Artit  five  pairs  of  abdniuinal  appendages,  kuonii  us  swimnierettt,  iire  at! 
ilmilar  iiiid  coiitiist  uf  a  short  baaal  pje^«  and  two  terminal  pieces  side 
by  side.  Tlie  apjiendagea  of  tbe  sistli  segment  cousist  of  tbe  same 
anangement  of  parts,  but  tbe  pieces  are  broad  and  puddle-like,  and, 
vitli  tbe  terminal  plate  attached  to  tbe  last  segment,  constitute  a 
powerful  L'andal  pa4ldle  or  tail.  In  tbe  male  the  abdomen  is  narrower 
tbau  in  tlic  female,  and  the  first  two  pairs  uf  tswimmerets  differ  nuicU 
from  those  which  follow. 

The  color  of  tbe  lobster  is  subject  to  greiit  rarintion,  but  most  fre- 
quently is  dark  bluish-green  above,  mottled  with  dark-green  blott-bes; 
there  is  usually  more  or  less  red  or  Tcrmilioo  on  the  appendages, 
especially  on  tbe  tubercles,  tips,  and  under  side  of  tbe  great  claws 
and  oTi  the  anteuuif:  the  walking  legs  are  light  blue  with  reddish  tips 
and  tnlls  of  hair.  Occasionally  Bpecimens  are  fonud  which  are  almost 
entirely  red,  and  more  fre<juently  they  are  blue  or  bluish  in  general  tone. 

DIHTEIBCTION   AND  ABUNDANCE. 

The  lobster  is  found  from  Labrador  to  Delaware,  its  range  covering 

about  1,300  miles  of  coast  line.    Stragglers  have  been  taken  on  tbe 

coaots  of  Virginia  and  North  Oarolina.    While  the  bathic  range  is  prac- 

•  tically  limited  by  the  lOO-fathom  line,  it  is  occasionally  found   long 

^  distances  &om  land  on  the  fishing-banks  off  the  New  England  coast. 

The  lobster  in  numt  abundant  in  tlie  nortbeni  piiitof  its  habitat. 

On  the  UnitM  States  coast  it  is  most  numerous  in  Maine.     In  tbe 

priivincfs  of  Nova  Scoti;i,  New  Brunswick,  and  Quebec,  and  also  in 

Newfonndlitnd  it  is  extremely  abundant. 

MIIVEMENTS. 

The  mi)Vonient'i  of  the  lob.-^tcr  arc  chiefly  on  and  oil'  shore.  Such 
c<)astttise  miivenu'iitK  as  charai-teri/e  the  nuickeiel,  bhielisb,  and  nieii- 
biideii  are  never  undertaken  by  tlio  lol)ster.  This  fact  iii;il;es  i.ossilde 
■the  lapid  depletion  of  lisliiiig  grounds,  and  even  tin-  jiraetical  exter- 
niitiatioi)  <>l'  llie  lohsler  in  given  areas;  it  al.so  allurds  basis  fur  the 
belief  in  tljc  ctliciicy  ol'  artilicial  iiivaus  for  inaintaiiiiiig  ami  increasing 
tbe  snpidy. 

There  arc  woll-inaiked  inovenieiits  <)l'  the  lobsler  indiued  by  various 
inlhienees,  among  whieb  are  tlic  abumlanee  or  scarcity  of  food,  the 
water  temiieianire.  ami  tlie  spawning  iustiact.  On  the  i'liited  States 
coast  ihcie  is  in  tb<'  sjirintf  months  a  slmreHard  moveiiient  of  large 
Imilies  of  lobsters; -in  tlie  apjiroacb  of  winter  tlic  lobsters  move  out 
into  deep  water. 

FUOI). 

■fjie  ijriiLei|.jl  food  of  tlie  lobster  is  lisli,  either  dead  in'  alive.     .Such 
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have  been  foand  in  a  lobster's  stomach,  and  algsB  sometimes  serve  as 
food.    Fish  is  the  bait  most  extensively  employed  in  the  lobster  fishery. 

REPRODUCTION. 

The  reproductive  function  of  the  lobster  is  not  generally  understood, 
and  until  a  comparatively  recent  date  a  number  of  important  questions 
in  relation  thereto  were  undecided.  From  the  standpoints  of  the  com- 
mercial fishermen,  fish-culturist,  and  legislator,  it  is  necessary  that  the 
principal  phases  of  this  subject  be  clearly  appreciated,  in  order  that 
the  supply  may  be  maintained. 

The  principal  spawning  season  for  lobsters  on  the  United  States  coast 
is  summer,  especially  July  and  August,  when  probably  three-fourths  of 
the  lobsters  deposit  their  eggs.  The  remaining  egg-producing  lobsters 
lay  during  the  fall  and  winter.  A  given  lobster  does  not  spawn  oftener 
than  every  second  year,  as  has  been  sbown  by  recent  studies  conducted 
by  the  Commission. 

The  eggs  are  fertilized  outside  the  body  of  the  female.  The  sper- 
matic fluid  is  deposited  in  a  receptacle  at  the  base  of  the  third  pair  of 
walking  legs,  and  retains  its  vitality  for  a  long  time.  When  the  eggs 
are  being  extruded,  the  female  lobster  lies  on  her  back  and  folds  the 
tail  so  as  to  form  a  kind  of  chamber  to  retain  the  eggs.  After  their 
discharge  from  the  body,  the  eggs  become  coated  with  a  cement  substance 
secreted  by  glands  in  the  swimmerets^  this  substance  hardens  after 
being  in  contact  with  the  water  and  firmly  unites  the  eggs  to  the  hair- 
like  filaments  on  the  swimmerets.  The  exact  method  by  which  the 
fertilizing  principle  is  conveyed  to  the  eggs  from  the  pouch  in  which  it 
is  contained  is  not  known. 

The  incubative  period  is  much  prolonged.  After  the  eggs  are 
extruded  and  become  attached  externally,  they  are  carried  10  or  11 
months  before  hatching  ensues;  during  this  time  they  are  carefully 
protected,  and  are  perfectly  aerated  by  the  active  motion  of  the  swim- 
merets. On  the  United  States  coast  most  of  the  lobsters  emerge  from 
the  egg  in  June,  although  some  of  the  hatching  is  completed  in  May 
and  some  in  July  or  even  later.  A  few  eggs  are  now  known  to  hatch 
in  winter.  All  of  the  embryos  do  not  come  from  the  eggs  at  the  same 
time,  the  hatching  occui)ying  a  week  or  more.  The  young  receive  no 
attention  from  the  adults,  but  lead  an  independent  existence  immedi- 
ately after  escaping  from  the  egg. 

The  lobster  egg  is  about  i\  inch  in  diameter.  When  newly  laid  it  is 
usually  of  a  dark-green  color,  but  is  sometimes  light-grayish  or  yellow- 
ish-green. 

The  known  maximum  number  of  eggs  produced  at  one  time  by  a 
lobster  is  97,440;  the  average  from  lobsters  taken  for  market  is  10,000 
to  12,000.  The  number  depends  largely  on  the  size  of  the  lobster, 
apparently  in  conformity  to  the  following  rule:  The  numbers  of  eggs 
laid  by  given  lobsters  vary  in  a  geometric  scale,  while  the  lengths  of 
the  lobsters  vary  in  an  arithmetic  scale. 
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The  followiiig  table  illustrates,  with  approximate  accuracy,  the  egg- 
producing  capacities  of  1ol)8ters  of  the  tougths  iudicated  nuder  uonual 
conditioiia: 


hmgOi  of  lolHler. 

-OUft 

I1.m.h^ 

aa«o« 

WiBobW 

MOLTINti    A«D    GROWTH. 


i 


The  act  of  sheililiDg  the  ahell,  or  inoltiiig,  i»  important  and  critical. 
It  is  ouly  after  shedding  that  growth  takes  pla<^;  during  the.earljr 
stages  of  the  lobetcr's  existence  this  function  is  ofteu  eservised  in  a 
comparatively  short  time,  while  later  it  occurs  only  at  long  intervals. 
Moltiug  in  the  lobster  consists  in  throwingofF  the  entire  external  skele- 
ton, togethei'  with  the  lining  of  the  digestive  tract. 

The  first  nioit  takes  place  about  the  time  tho  young  emerge*  from 
the  egg,  when  it  la  about  a  third  of  an  inch  long,  and  many  lobsters 
do  not  survive  this.  Dmug  this  first  stage  the  larval  lobster  swims 
at  or  uear  the  jsuiliice.  A  seioud  molt  ensues  in  from  1  to  ■'>  days,  iind 
the  lobster  enters  on  its  second  stage,  its  average  length  being  about 
two-fllths  of  iin  inch  and  its  habrls  similar  to  the  first  stage.  In  2  to 
5  days  jiTtothcr  molt  takes  jihice,  and  the  length  of  the  larva  increases 
to  about  half  ai]  inch.  This  is  loilowt'd  in  li  to  S  days  by  another  molt, 
and  the  lobster  enters  oil  thf  fourth  stage,  when  its  length  becomes 
slightly  greater.  I'roin  10  to  I'll  days  later  the  tifth  molt  ushers  iu  the 
fifth  stage,  alter  which  the  snrfa.-eswiinniing  habit  Im  liisearded  and  the 
larva  goes  to  the  bottom  anil  begins  tu  assume  the  cliaraeteristies  of  the 
atlalt.  This  stage  lasts  11  to  IS  days,  aiid  in  it  llie  young  li>bst('r  has 
attaincdaleugtli()f  aboiittbree-liithsof  an  indi.  h'r.Jin  this  time  on  the 
molls  are  at  longer  and  longer  intervals  nnlil  the  fully  mature  condition 
is  reached,  when  shedding  takes  place  tmly  once  in  one  or  twr)  years. 

The  food  of  lobsteis  during  the  larval  stages  consists  ehietly  of  small 
crustaceans.  A  very  pnguaeious  instinct  then  characterises  them,  and 
active  caiinibalisni  prevents  their  artificial  reariug  for  lack  of  abundant 
natural  fixid. 

Larval  lobsters  are  very  susceptible  lo  the  iiilluence  of  the  sun(helio- 
tropie)  while  in  the  first  three  stages,  being  attraeted  by  bright  rays 
to  the  surface  of  the  oeeaii  or  to  tho  side  of  a  vessel.  This  peculiarity 
is  hist  during  the  fourth  stage. 
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yeax  the  length  is  5  to  7  inches.  By  the  end  of  4^  or  5  years  a  length 
of  about  10  inches  is  reached.  The  rate  of  growth,  however,  depends 
greatly  on  the  environment,  the  abundance  of  food  being  a  very  impor- 
tant factor. 

The  adult  lobster  usually  molts  in  summer,  and  in  the  case  of  the 
female,  shortly  after  the  hatching  of  the  eggs.  As  several  months  are 
required  for  the  new  shell  to  acquire  the  hardness  of  the  old;  as  newly- 
laid  eggs  are  rarely  found  on  a  soft-shell  lobster;  as  molting  does  not 
ensue  while  the  eggs  are  on  the  swimmerets;  and,  furthermore,  as 
dissection  has  shown  that  the  ovaries  of  a  lobster  whose  eggs  have 
recently  hatched  are  in  an  immature  condition  and  will  not  yield  eggs 
until  the  succeeding  year,  it  follows  that  the  mature  lobster  deposits 
eggs  not  oftener  than  once  in  two  years,  with  an  alternating  molt. 

SIZE   AND  AVEIGHT. 

The  average  size  of  lobsters  caught  for  market  is  now  much  less  than 
it  was  in  the  earlier  days  of  the  fishery,  and  their  average  weight  is 
probably  not  over  2  i)ound8.  A  lobster  9  inches  long  weighs,  on  an 
average,  1^  pounds;  a  lOi-iiich  lobster,  1|  j)ouuds;  a  12-inch  lobster,  3 
pounds;  and  a  15  inch  lobster,  4  to  5  pounds;  while  a  lobster  20  inches 
long  weighs  20  pounds  or  more.  Lobsters  weighing  as  much  as  15  or 
20  pounds  are  uncommon,  and  those  weighing  over  20  pounds  are  very 
rare.  Up  to  a  recent  date,  the  largest  lobster  of  authenticated  weight 
wat  about  25  pounds.  In  1897,  however,  3  lobsters,  each  weighing  over 
30  pounds,  were  taken  off  Sandy  Hook,  N.  J.,the  weight  of  the  largest 
being  33  pounds. 

The  male  lobster  weighs  more  than  the  female  of  the  same  length, 
the  difference  in  11-inch  lobsters,  for  instance,  being  about  a  quarter 
of  a  pound. 

The  size  at  which  the  lobster  attains  sexual  maturity  is  a  very 
imi>ortant  question.  In  the  New  England  and  Middle  States  and  the 
Canadian  Provinces  the  laws  relating  to  the  minimum  size  of  market- 
able lobsters  are  quite  various  and  illustrate  the  absence  of  definite 
information  on  this  subject.  In  Maine,  Massachusetts,  New  Hamp- 
shire, and  New  York  the  minimum  limit  of  size  of  lobsters  that  maybe 
sold  is  now  10^  inthes;  in  lihode  Isliiud  it  is  10  inches,  and  in  Con- 
necticut it  is  9  inches,  in  the  British  Provinces  the  limit  is  much 
lower  than  in  Maine. 

Investigations  conducted  by  the  Fish  Commission  on  the  New  England 
coast  show  that  the  female  lobster  attains  maturity  when  from  8  to  12 
inches  long.  Comparatively  few  lobsters  under  9  inches  in  length 
lay  eggs.  Cf  over  1,000  egg-bearing  lobsters  collected  at  Woods  Hole 
during  a  period  of  years,  less  than  2  per  cent  were  under  9  inches  lonir. 
On  the  other  hand,  by  the  time  they  have  reached  the  length  '* 
inches  most  lobsters  will  have  produced  eggs,  and  this  bIm 
minimum  size  permitted  in  the  markets. 
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The  lobster  is  tbe  most  imporlant  crustacetiu  uf  the  Uiiit«il  States. 
It  is  the  object  of  a  special  fishery,  oiinietl  on  with  pots  or  traps,  in  all 
the  coastal  States  from  Delaware  northward,  and  ulso  iu  Novh  Scotia, 
New  Bruaswitk,  Prince  Edward  iHland,  Quebec,  and  Newlonndltind. 
Iu  Maine,  where  the  fishery  i»  mon«  iTiiportiuit  than  in  any  other  Buite, 
the  lobster  ia  the  principal  fishery  product.  Over  4,500  i>ersous  are 
engaged  in  this  fishery  iu  the  United  States;  the  capitiU  invested  is 
about  1875,000,  and  the  eiik'h  in  1896  amounted  to  15,1L'1,000  pounds, 
valued  at  $1,310,000.  Iu  1880  tho  yield  was  larger  (20,240,(KK)  i>oDiids}, 
but  the  market  value  was  umcb  leas,  being  only  |48y,000. 

Between  1889  and  ISJKt  the  New  Knglaud  lobster  catch  decreased  oyer 
15,000,000  pounds,  or  50  per  cent,  while  the  v»hie  iucreojsed  more  lh»n 
t400,000,  or  50  per  cent.  For  a  number  of  years  this  fishery  presented 
the  anomaly  of  a  diminishtog  supply  aud  an  augmented  cuteh,  owing 
to  the  more  active  pruHectition  of  the  business;  but  the  decline  in  the 
yield  has  for  siime  time  be<»n  uncheeked,  notwithstanding  the  einpluy- 
aentuf  more  apparatus  and  the  prolongation  of  the  fishing  season. 
With  a  singular  disregard  for  their  own  welfare,  many  fishermen  have 
oonttnoiLlly  violated  the  State  laws  for  the  protection  of  smalt,  imma- 
ture lobsters  mid  fcmaU'M  bearing  cggw.  ( >nly  the  rigid  enforcement  of 
restrictive  measures  by  the  States  and  the  extensive  artificial  propaga- 
tion of  the  lobster  can  ward  oif  the  destruction  which  threatens  this 
vahiiiljle  fishery. 

INCErT[(iN    AKU    I'liOliEKSS    OF    LOUSTER-CUrLTrRli. 

If  egg-beivring  lobsters  were  not  liable  to  dcstiintioii  by  man.  arti- 
ficial pi'opagatton  wunld  hardly  be  iiccessaiy.  Ndtwitli-taiidiiig  the 
eiiiictnient  of  stringent  laws  proliibitiii;;'  Xhv  sale  of  '■  luTiii'd  " lob^Icrs, 
the  frciitient  sacrifice  of  surJi  lobsters,  with  tiieir  cg-s.  ami  of  Jiiariy 
immature  lobsters,  has  seriously  reduced  till' li)bst(-rini(  I  ml  ami  ifiidered 
active  and  stringent  measures  iin|ieralive.  liy  t!ie  iiri'scnt  laetluuls 
millions  of  lobster  <'ggs  are  annually  taken  and  hatcUeil  that  nonld  be 
lost,  and  the  females  producing  them,  amounting  to  several  Ilionsands, 
arc  liberated. 

Prior  to  1885  experiments  had  been  conducted  at  various  jioints  lnok- 
ing  to  the  artilieial  propagation  of  the  jnbster.  I'he  only  practical 
attempts  of  thisnature  previous  to  thosi'  made  liy  Ilii'  l'"isli  ('cianjiissioii 
werel>ymeansof>'i.arUing."tliat  is.  holding'  ia  lar-e  iiatiirally  inclosed 

basins  lobsters  that  liml  been  injured,  soffslielle.l  < s,  ami  tl^ose  below 

marketable  si/e.  Oci'asioiially  feiinile  lobsters  ivitli  >iiaun  were  ])laced 
in  (lie  same  inclosaies.     Due  of  tliese  |>aiks  was  ■■staliHslieil  in  Massa- 
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The  completion  of  the  new  marine  laboratory  and  hatchery  at  Woods 
Hole  in  1885,  with  its  complete  system  of  salt-water  circalation,  per- 
mitted the  commencement  of  experiments  in  artificial  hatching  on  a 
large  scale,  which  had  not  been  practicable  theretofore,  although  small 
quantities  of  lobster  eggs,  as  well  as  those  of  other  crustaceans,  had 
been  successfully  hatched.  In  1886  the  exi>eriments  had  progressed  so 
successfully  that  several  million  eggs  were  collected  and  hatched  at 
Woods  Hole,  the  fry  being  deposited  in  Vineyard  Sound  and  adjacent 
waters.  From  1887  to  1890,  inclusive,  the  number  of  eggs  collected 
was  n,821,000. 

From  the  eggs  collected  up  to  1889  the  average  production  of  firy  was 
about  54  per  cent.  During  these  years  experiments  were  conducted  as 
to  the  best  method  of  hatching  the  eggs.  The  various  forms  of  appa- 
ratus used  were  the  Chester  jar,  the  McDonald  tidal  box,  and  the 
McDonald  automatic  liatching-jar.  In  1889  the  results  secured  in  the 
latter  form  of  apparatus  were  so  much  better  than  with  the  others  that 
it  was  adopted,  and  in  1890,  from  the  4,353,000  eggs  collected,  over  81 
per  cent  yielded  fry.  Work  was  continued  at  Woods  Hole  on  about 
the  same  scale  until  1894,  when  the  collections  aggregated  97,000,000 
eggs.  In  the  same  year  lobster  propagation  was  undertaken  at  GJouces- 
ter  and  a  collection  of  10,000,000  eggs  was  made  there. 

During  the  fiscal  year  189. J  the  number  of  eggs  taken  by  the  Fish 
Commission  was  105,188,000,  the  resulting  fry  liberated  numbering 
97,579,000,  or  about  93  per  cent;  and  in  1897  the  collections  amounted 
to  133,562,000  eggs,  of  which  115,606,000,  or  90  per  cent,  were  hatched. 

COLLECTION   OF   EGG-BEARING  LOBSTERS. 

Although  the  new  eggs  appear  on  the  lobsters  during  the  months  of 
July  and  August,  no  special  elibrt  is  made  to  secure  egg-bearing 
lobsters  until  the  following  spring.  The  collections  usually  commence 
in  April  and  continue  until  the  middle  of  July.  At  Woods  Hole  it 
has  been  the  recent  practice  to  receive  at  the  station  and  place  in  the 
hatching-jars  during  the  fall  and  winter  any  lobsters  having  external 
eggs  that  may  be  captured  by  local  fishermen.  The  collecting- grounds 
extend  from  New  London,  Connecticut,  to  the  eastern  end  of  Maine. 
For  Woods  Hole  station  eggs  are  secured  from  fishermen  operating 
between  New  London,  Connecticut,  and  Plymouth,  Massachusetts. 

The  most  important  grounds  in  Connecticut  are  in  the  vicinity  of  New 
Ixmdon  and  Xoank;  in  Massachusetts,  New  Bedford,  South  Dartmouth, 
Plymouth,  Woods  Hole,  and  numerous  localities  in  Buzziirds  Bay  and 
Vineyard  Sound.  Eggs  for  the  Gloucester  station  are  secured  from  the 
fishermen  operating  between  Boston  and  Ilockland,  which  territory 
comprises  the  most  important  lobster  fishery  in  the  United  States.  The 
schooner  Grampus  is  used  in  making  the  collections  between  Portland 
and  liockland,  the  lobsters  being  delivered  at  Gloucester  early  in  the 
season  and  later  on  to  the  steamer  Fitth  Ilatvk,  which  is  stationed  &t  ^ 
suitable  point  in  Casco  Bay. 
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As  tbfl  laws  of  MaasacbnsottH,  New  Hampshire,  and  Maine  prohibit 
thw  boldiug  of  tlio  "  berried ''  Isbstcrs  by  the  Jisbenneu,  arrangements 
&rema<le  with  the  State  ntitboritiesby  which  certaiu  offinalH  of  the  Fish 
CommiHsion  are  appointwl  depaty  wardens  and  nutborized  to  hold  egg- 
bearing  lobsters  for  flsh-eultural  purposes  in  live-boxes,  Harly  in  the 
spring  all  of  the  lobster  tisbermen  i »  the  territory  referred  to  above  are 
visited  by  agents  of  the  Commission,  who  urrauge  with  them  to  hold 
nil  of  their  egg  lobsters  in  live  cars  antil  called  for,  at  a  price  agreed  on. 

Collections  are  made  from  Woods  Hole  and  Gloucester  by  3t«aui 
launches  and  sailing  vessels.  The  nteam  launches  visit  the  near  points 
three  to  four  times  a  week  to  obtain  eg^-beariug  lobsters.  The  vessels 
oollect  at  more  distant  points  in  Oouuecticut  and  Maine.  Local  agents 
at  Boston  and  Plymouth.  Massachusetts,  and  Kittery  Point,  Maine, 
also  collect  egg-bearing  lobsters,  which  are  held  in  live-boxes  until  the 
agent  has  a  sufficient  unmber  to  make  a  trip.  On  the  arrival  of  the 
vessel  or  launch  at  the  station  the  lob^iers  are  transferred  to  tanks 
supplied  with  ruuuiug  water  and  held  until  the  s])awii-taker  is  ready  to 
Btrip  the  egga. 

TAKING   AND   MF.ASURING   TDK  EGGS, 
The  receptacle  into  which  the  spawn-taker  strips  the  eggs  ftu>m  » 
lobster  is  either  a  glass  Jar  (0  inchea  in  diameter)  or  a  water-bucket, 
which,  after  thorongh  cleaning  is  partly  filleil  with  water. 

The  operator,  with  his  left  hand,  grasps  the  lobster  from  above  and 
tuniti  it  on  its  back,  lnwerln;;  it  into  thi'  spawning  vessel  head  down- 
ward. By  pressing;  it  lirmly  a;;iiiiist  IIk;  sides  of  tlicjiir  it  isjircvented 
I'riini  using  tlic  juilerinr  part  uf  its  burly  or  its  aianiUlilcs.  The  hand  is 
then  slippcHartlier  bark  toward  the  tail  and  the  so;:niented  portion  of 
tbebody  is  held  firmly  to  prevent  its  i-losin;.'.  The  lobster  is  tiien  ready 
fur  strippinj,'.  A  latlier  dull,  short  bladed  kaili-  ih  used  to  separate 
the  e{;;;s  froui  tin-  swirnuieri-ls,  t^  whieh  they  arc  attariied  by  hair-like 
libi-rs;  striiipinj;  befjiiis  at  the  last  pair  tif  >\virniuercts  and  gradually 
proeeeds  toward  tlie  body.  As  the  (■yj:s  an-  scraped  olV  they  fall  into 
the  water  in  the  Jar.  Some  wliieii  adhere  to  the  ehnvs  of  the  lobster 
are  wa.shed  otT  liy  means  of  a  small  stieani  of  water.  The  lobster  is 
then  put  back  into  a  tank,  where  it  remains  until  liherated. 

Lobsters  received  hy  1  he  local  ai.'eiits  at  Mostim  and  Kittery  Point 
arelield  until  a  suitable  .|nantity  is  <>n  hand  and  are  then  strii>ped,the 
eggs  lieing  taken  to  the  siatinn  in  transporlaliou  cans  and  tiie  adults 
released.  Early  in  the  spiin^:  the  e^'^'s  stand  lrausportati()n  well,  but 
late  in  tlie  season,  as  incubriiion  liecorin-s  mi>re  advanetil,  they  are  very 
delicate,  an<l  are  niiickly  alVeetcd  by  ioui;h  handling  or  sudden  changes 
in  teiniieratnrc. 
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HATCHING  APPARATUS  AND  OPERATIONS. 

Experiments  conducted  during  a  series  of  years  having  demonstrated 
that  the  automatic  hatching-jar  was  the  best  form  of  apparatus  for 
hatching  lobster  eggs,  it  has  been  adopted  at  the  stations  of  the  Com- 
mission since  1889.  A  full  description  of  this  jar  is  given  in  the  article 
on  shad-culture,  pp.  150-152.  The  manipulation  and  operation  of  the  jar 
is  practically  the  same  as  with  shad  eggs,  except  that  frequently,  where 
the  water  supply  is  inadequate,  three  jars  are  connected  by  means  of 
rubber  tubing  and  the  water  used  over  and  over.  This  is  accomplished 
by  connecting  the  overflow  from  the  first  jar  with  the  supply  to  the 
second  and  so  on,  but  can  only  be  done  during  the  early  stages  before 
the  fry  commence  to  hatch.  When  first  placed  in  the  jar  the  eggs  are 
matted  together  by  the  fine  hair-like  fibers,  but  after  a  few  days  they 
separate  and  work  very  much  like  shad  eggs. 

Prom  400,000  to  500,000  eggs  (equivalent  to  about  2  to  2^  quarts)  are 
nsually  placed  in  each  jar,  although  at  times  when  the  hatchery  is 
crowded  a  few  more  may  be  successfully  cared  for. 

The  fry  pass  voluntarily  from  these  jai*&  to  cylindrical  glass  jars,  9 
inches  in  diameter  and  either  9  or  18  inches  high,  placed  in  the  center 
of  the  table  and  covered  with  cheese-cloth  at  the  top  to  prevent  their 
escape. 

The  period  of  incubation  depends  entirely  upon  the  age  of  the  egg 
when  collected.  For  example,  eggs  taken  in  October  do  not  hatch  until 
the  following  May,  whereas  eggs  collected  in  June  frequently  hatch 
in  24  hours  after  being  placed  in  the  jars.  During  one  season  eggs 
collected  from  December  12  to  January  25,  numbering  1,717,000,  at  a 
temperature  of  45^,  commenced  hatching  May  25  at  a  temperature  of 
64°.  To  determine  how  soon  the  new-laid  eggs  can  be  taken  from  the 
parent  and  hatched  artificially,  collections  were  begun  early  in  July 
and  continued  until  fall,  for  several  seasons,  the  eggs  being  placed  in 
hatching-jars  at  the  Woods  Hole  Station ;  all  those  collected  prior  to 
October  16  died.  In  November,  1895,  15,000,000  were  placed  in  jars 
and  carried  through  the  winter  under  very  unfavorable  conditions,  but 
hatched  with  a  loss  of  only  50  per  cent.  The  density  of  the  water  at 
Woods  Hole  varies  from  1.023  to  1.025,  its  average  temperature  being 
from  490  to  640  during  the  months  of  April,  May,  and  June. 

THE  LOBSTER  FRY. 

Owing  to  the  cannibalistic  habits  of  young  lobsters  when  closely 
crowded,  it  has  been  the  policy  of  the  Commission  to  liberate  the  fry 
as  soon  after  hatching  a^s  possible.  They  are  taken  out  in  ordinary 
10-gallon  transportation  cans,  about  200,000  being  placed  in  a  can  for 
short  shipments  and  125,000  for  long  shipments,  and  liberated  in  the 
vicinity  of  the  grounds  from  which  the  adult  lobsters  were  taken. 
When  this  is  impracticable,  they  are  liberated  in  Vineyard  Sound  and 
Buzzards  Bay  with  an  outgoing  tide,  so  as  to  insure  their  wide  distri- 
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bntioii.  The  question  of  the  transportation  of  lobster  fry  any  great 
distance  is  stiU  an  unsettled  one,  as  in  but  few  instances  has  it  been 
attempted  to  ship  tliem  by  rail,  and  then  the  trips  were  comparativ^y 
short — uHDiely,  Irom  Woods  Hole  to  Cold  Spring  Harbor,  New  York; 
from  Woods  Hnle  to  Proviucetown  and  Plymouth,  and  from  Gloucester 
to  Kittery  Point.  The  shipments  from  Woods  Hole  have  nil  been  very 
BncceHsfnl,  and  there  seems  little  doubt  that  the  young  lobster  will 
stand  traD^iHirtatiou  lor  2i  hours  with  exoelleut  cesultfi. 


THE  TRANSPORTATIOiN  OF  FISH  AND  FISH  EGGS. 


During  the  earlier  years  of  the  Commission  young  ttsh  were  carried 
by  messengers  in  baggage  cars  on  regular  passenger  trains,  but  as  the 
work  increased  it  was  found  that  this  method  was  inadequate  and  that 
other  arrangements  must  be  made  to  transport  the  large  numbers  of 
fish  which  were  being  hatched.  Accordingly,  in  1879  and  1880,  exi>eri- 
ments  were  successfully  made  in  moving  shad  fry  in  si>ecially  equipped 
baggage  cars,  and  it  was  found  that  large  numbers  of  fish  could  be 
economically  moved  with  little  loss.  A  car  was  therefore  constnicted 
specially  adapted  for  tlie  distribution  of  live  fishes,  the  requirements 
of  such  a  car  being  a  compartment  for  carrying  the  fish  in  which  an 
even  temperature  could  be  maintained,  proper  circulation  of  water  and 
air  in  the  vessels  containing  the  fish,  and  sleeping  and  living  aoxK)m- 
modations  for  the  messengers  attending  them. 

A  baggage  car,  the  body  of  which  was  51  feet  long,  9  feet  10  inches 
wide,  13  feet  8  inches  high,  was  ]mrchased.  At  one  end  of  the  car  was 
a  room  containing  a  stove,  sink,  and  berth  for  the  use  of  the  cook, 
besides  a  boiler,  pump,  etc.;  and  at  the  other  were  two  sections  of 
berths,  like  those  in  a  Pullman  car,  which  would  accommodate  two  men 
on  each  side.  Each  oom])artment  was  about  7  feet  long.  In  its  center 
was  a  refrigerator  compartment  30  feet  3  inches  long  by  the  full  width 
of  the  car,  and  extending  up  to  the  clear  story.  The  ice  was  carried  in 
two  racks,  holding  1  ton  each,  which  were  located  in  the  corners  of  the 
refrigerator,  diagonally  opposite  each  other.  Cylinder  cans,  placed  on 
galvanized  iron  tanks  0  feet  4  inches  long,  28  inches  wide,  and  8  inches 
high,  were  provided  in  which  to  carry  the  fish.  The  tanks  were  placed 
on  opposite  sides  of  tlie  car,  with  a  passageway  between  them. 

An  apparatus  for  circulating  water  was  arranged  in  the  following 
manner:  In  the  top  of  the  car,  extending  the  full  length  of  the  clear 
story,  was  a  long,  semicircular  iron  tank  12  inches  in  diameter,  which 
was  tilled  through  the  top  of  the  car.  From  this  the  water  was  brought 
into  a  0  inch  pipe  extending  all  around  the  top  of  the  refrigerator 
com])artment.  The  pipe  contained  a  sufficient  number  of  pet-cocks  to 
supply  the  number  of  cans  carried,  the  water  being  conveyed  to  the 
cans  through  rubber  tubing.  From  the  cans  it  passed  into  the  tanks 
through  the  same-sized  tubing,  whence  it  was  drained  into  2-inch  pipes 
underneath  the  car,  and  from  these  pipes  was  pumped  up  to  the  tank 
in  the  clear  story. 

While  this  circulating  ap])aratns  worked  well,  its  arrangement  neces- 
sitated the  carrying. of  a  large  amount  of  water  in  the  top  of  the  car, 
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thus  causing  it  to  roll  from  side  to  side  iu  such  a  manner  as  to  make  it 
unsafe.  It  was  also  found  that  wliile  the  refrigerator  compartment 
carried  the  fish  safely,  the  health  of  the  messengers  was  injuricmsly 
affected  owing  to  the  sudden  changes  of  temperature  exi)erienced  iu 
going  to  and  from  the  compartment.  Accordingly,  another  car  was 
built  in  which  these  defects  were  remedied,  and  the  original  car  was 
altered  to  conform  to  the  improved  plan. 

The  Commission  now  has  five  transportation  cars  in  use.  While  they 
differ  somewhat  in  construction  and  arrangement,  four  of  them  are 
essentially  alike;  the  fifth  is  simply  a  baggage  car  with  living  quarters 
and  circulating  apparatus.  The  car  known  as  No.  3  is  regarded  as  the 
best  type.  Its  dimensions  are:  Length  of  body,  GO  feet;  total  length 
from  end  to  end  of  platforms,  07  feet  10  inches;  width,  9 J  feet;  height 
from  top  of  rail  to  top  of  roof,  13*^  feet. 

The  frame  of  the  car  is  so  braced  as  to  permit  of  two  large  doors  in 
the  center,  extending  from  floor  to  roof,  which  simplify  loading  and 
unloading.  Underneath,  between  the  trucks,  is  a  reservoir  tank  hold- 
ing GOO  gallons  of  water.  The  car  is  fully  equipped  with  all  modem 
improvements  in  the  way  of  brakes,  couplers,  signal  whistles,  etc.,  and 
has  Pullman  trucks  and  33-inch  Allen  paper  wheels. 

The  interior  is  finished  in  ash,  and  due  arrangements  are  made  for  the 
comfort  and  convenience  of  the  crew.  In  one  end  is  an  office,  an  ice-box 
of  IJ  tons  capacity,  and  a  pressure  tank  holding  500  gallons  of  water;  at 
the  other  are  the  boiler-room  and  kitchen.  The  tanks  and  cans  used 
in  transporting  fish  are  carried  in  two  compartments  running  along  the 
sides  of  the  car  between  the  office  and  boiler-room.  They  are  30  feet 
long,  3  feet  wide,  and  25  inches  deep.  In  the  middle  of  the  car,  over  the 
compartments,  are  four  berths  and  several  lockers  for  the  use  of  the  crew. 
The  office  is  fitted  with  two  berths,  lockers,  writing  desk,  and  typewriter. 
In  the  boiler-room  are  a  5-horsepower  boiler  for  furnishing  the  necessary 
power,  a  circulating  water  pump,  and  an  air  and  feed  pump. 

For  the  transportation  of  fry  ordinary  10-gallon  iron  cans,  tinped,  are 
used,  24  inches  high,  12  inches  in  diameter  on  the  outside,  with  sloping 
shoulders  and  cover,  and  two  handles  on  the  sides  for  convenience  in 
moving.  The  water  is  introduced  by  means  of  a  rubber  hose  connected 
with  the  pressure-tank,  or  sim])ly  with  a  dipper  or  bucket. 

For  the  transportation  of  large  fish  the  cars  are  equipped  with  22 
tanks  holding  52  gallons  each.  They  are  27  inches  square  by  24  inches 
high,  and  are  made  of  No.  18  galvanized  iron,  with  a  splashboard  3 
inches  from  the  top,  which  extends  into  the  tank  2^  inches,  thus  pre- 
venting the  water  from  splashing  out  when  the  car  is  in  motion.  They 
are  also  provided  with  a  three-eighths  inch  overflow,  which  connects 
with  the  supply  tank  under  the  car  and  can  be  drained  by  means  of  a 
3inch  flat  valve  placed  in  the  bottom. 

The  supply  of  water  is  carried  in  the  iron  pressure- tank  located  in  the 
body  of  the  car  next  to  the  office.    The  water  is  circulated  by  means 
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of  a  steam-pump  through  galvanizecl-iron  piping,  which  runs  fh>m  the 
pump  to  the  pressure-tank,  thence  along  the  sides  of  the  refrigerator  to 
the  transportation-tanks,  whence  it  flows  by  gravity  to  a  tank  below  the 
floor.    From  here  it  is  pumped  into  the  supply  tank  for  redistribution. 

To  provide  sufficient  air  circulation,  the  air  is  driven  by  a  pump  to  a 
t30-gallon  reservoir  in  the  top  of  the  car  over  the  boiler-room,  irom  which 
it  is  taken  to  the  transportation -tanks  or  cans  through  two  lines  of  iron 
piping  running  along  the  sides  and  top  of  the  car.  One  pet-cock  is 
placed  in  the  pipe  for  each  tank  to  be  supplied  with  air,  which  comes  to 
it  through  a  hole  ^^  inch  in  diameter.  From  the  ])et-cock  the  air  is  car- 
ried into  the  tank  with  rubber  hose  and  released  in  the  water  through 
liberators  made  of  American  linden,  placed  in  hard-rubber  holders. 

The  car  has  a  hatching  outfit,  consisting  of  eight  lead-lined  boxes 
about  G  inches  high,  which  may  be  placed  on  top  of  the  refrigerator 
compartments  and  made  to  fit  in  place  of  the  lids,  which  can  be  removed. 
Each  box  holds  six  McDonald  jars.  An  a(iuarium,  specially  made  for 
the  work,  is  placed  in  the  center  of  eacrh  box,  with  three  jars  on  each 
side  of  it.  The  jars  and  aquarium  are  securely  wedged  in  the  box,  so 
that  they  can  not  move.  The  supply  of  water  for  the  jars  comes  from 
the  supply  pipes  in  the  refrigerator  compartments,  the  pipe  coming  up 
through  the  top  of  the  refrigerator  near  the  center,  then  branching  out 
on  each  side  with  pet-cocks  in  it,  to  which  is  attached  the  rubber  tubing 
to  supply  the  jars.  The  overflow  is  through  a  pii)e  leading  out  of  the 
bottom  of  the  boxes  into  the  tank  under  the  car. 

Fry  are  carried  in  cans,  and  yearlings  and  adults  in  the  transporta- 
tion-tanks. Great  care  is  taken  not  to  make  a  sudden  change  in  the 
temperature.  If  the  air  and  water  circuhations  are  not  used  it  is  neces- 
sary to  aerate  the  water  with  a  dipper,  that  is,  to  take  a  dipperful  of 
water  from  the  can  and,  holding  it  up  about  2  feet,  i)Our  it  back,  thus 
taking  air  with  the  water  to  the  bottom  of  the  can. 

Whitetish  fry  are  carried  in  water  at  a  temperature  from  33^  to  45^  F. 
If  necessary  to  reduce  the  temperature,  ice  can  be  placed  in  the  water 
with  the  fry.  If  the  air  and  water  circulations  are  used,  about  40,000 
try  may  be  carried  in  e<ach  can.  Without  the  circulation  20,000  are 
carried,  and  to  aerate  them  it  is  necessary  to  draw  off  in  a  ])ail,  through 
a  screened  siphon,  about  one-half  the  water  in  the  can.  This  is  then 
thoroughly  aerated  in  the  pail  with  a  dipper  and  returned  to  the  can, 
with  a  small  amount  of  fresh  water  added.  When  a  car  arrives  at  its 
destination,  the  cans  are  taken  to  a  tugboat  or  steamer  and  carried  to 
the  grounds  where  the  whitefish  are  to  be  ])lanted.  On  board  the  boat 
they  are  given  fresh  water  as  fast  as  is  required  to  keep  them  alive. 

Shad  fry  are  carried  in  water  at  a  temperature  of  from  55^^  to  GoO, 
depending  on  the  temperature  of  the  water  in  which  they  were  hatched. 
Each  can  contains  20,000  to  30,0(M).  These  fry  can  not  be  carried  suc- 
cessfully with  the  circulating  system  of  water  or  air,  and  aeration  by 
the  use  of  the  dipper  is  therefore  necessary.    When  the  water  is  to  be 
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clmiigtHl,  it  id  ilnin-ti  oft'  tUruugli  a  sipLou  into  »  pail,  tliti  heud  uf  tlie 
sipUuti  beiug  iu  a  wire  cage,  covered  with  cheese-cloth,  to  prevent  the 
tVy  f>oui  CHcapitig,  Alter  the  water  iu  the  pail  has  been  thoroughly 
nerated  and  ire  added  to  aiM^ure  the  desired  temperature,  it  is  potired 
back  through  a  large  ruuuel  which  reaches  nearly  to  the  bottom  of  the 
can.  To  preveut  Ibo  force  of  the  water  fiom  injuring  the  delicate  fry, 
the  lower  part  of  the  funnel  for  about  t>  ineheH  is  made  of  perforated 
tin.  During  long  trips  the  sediment  collecting  on  the  bottom  of  the 
cans  is  removed  by  drawing  it  off  through  a  Biphon  into  a  pail.  Should 
uny  fry  come  oul,  they  are  returned  to  the  can  by  dipping  them  uut 
alter  the  sediment  has  settled  to  the  bottom  of  the  pail.  If  a  trip  lasts 
(Ivo  or  six  days,  the  cans  are  cleaned  every  other  day  by  transferring 
the  fry  with  a  dipper  from  one  can  to  the  other  and  cleaning  the  empty 
can  before  the  fry  are  returned  f  o  it.  Shatl  fry  are  more  fender  than  any 
other  young  flsb  moved  on  the  cars,  and  the  greatest  care  is  necessary 
in  handling  them. 

Trout  and  salmon  fry  are  carried  in  water  at  a  temperatnre  of  36'^  to 
i&°,  though  rainbow  trout  are  Bometimes  transported  in  water  10°  or 
15°  warmer.  If  it  is  necessary  to  reduee  the  temperature,  ice  is  placed 
in  the  cans  with  the  lish.  Each  can  coutaius  5,00()  trout  fry,  or  2,(100 
to  3,(K)0  salmon  try,  when  the  air  and  water  circulations  are  used; 
without  air  circulation,  ;t, 000  or  4,0(MI  trout  or  1,200  to  1,.>00  salmon 
fry  aie  allowejl  to  each  can — according  to  the  leuj^th  of  fhc  trip  and 
age  of  the  fry.  These  fish  are  moved  as  soon  as  the  sacs  are  absorbed, 
or  when  they  first  begin  to  swim  \t]>  from  the  bottom.  If  shipped  before 
this  period  of  life,  they  aie  iipt  to  collect  on  the  center  of  t  lie  can  in  the 
bottom  and  wmotliei.  ll  the  fry  will  keep  away  from  tlie  mouth  of  the 
can,  the  water  is  aerated  by  <lip[iing  it  directly  from  the  can  and  letting 
it  fall  back ;  but  if  the  lish  do  not  go  down  when  the  dipper  is  iutro- 
dneed,  the  water  is  siphoned  inte  a  pail,  aerated,  and  then  poured  back. 

Small  yearling  trout  are  Komctimes  carried  in  cans,  bnt  usually  in  the 
galvaiii/.ed-iron  tanks — 100  to  200  in  each  can  if  the  air  circulation  is 
used,  the  water  being  kept  cool  by  introducing  ice.  As  salmon  and 
lalic  trout  are  move  delicate  than  the  others,  tlie  numbcriilaccd  in  each 
can  is  ri'dinrcd.  Hut  few  adnlt  trout  cau  be  shipped  iu  each  tank,  ouly 
from  20  10  "ill  if  of  large  si/c  They  an^givcu  all  the  air  and  water  cir- 
culation iMissible  and  canicil  at  a  low  ti^uiperatnre;  when  iu  distress 
they  come  to  tlic  surface  ol'  tln^  water,  and  if  the  water  is  (hen  vigor- 
ously aerated  they  will  return  to  the  bottom  of  the  tank.  Incessant 
walchfnhicss  is  necessary  iu  transporting  these  fisli. 

When  bhick  bass  fry  are  distribatcd  they  should  be  shipped  in  water 
from  10  lo  (iO  V.,  according  to  the  temperature  ol'  the  water  from 
which  tliey  are  taken;  bat  it  is  jn-eferableto  hold  tliese  lisli  in  the  ponds 
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these  older  fish  a  temperature  of  from  40^  to  00^  is  required,  su^cordiug 
to  circumstances.  Young  black,  bass  are  very  voracious,  and  begin  to 
eat  each  other  as  soon  as  they  are  confined  in  cans  or  tanks  for  trans- 
portation. The  number  of  bass  carried  in  each  tank  is  approximately 
as  follows:  Fifty  8  to  12  inches  long;  one  hundred  and  twenty  5  to  8 
inches  long;  two  hundred  and  fifty  2  to  5  in(*hes  long. 

Grapple  are  carried  in  the  same  manner  as  blm^k  bass,  although  it  is 
more  difficult  to  handle  them.  Rock  bass  are  cx)mmonly  carried  in 
cans,  about  500  to  700  in  each  if  the  fish  are  about  an  inch  long.  The 
temperature  of  the  water  is  from  40^  to  00''. 

Cod  fry  are  moved  in  cans  with  water  of  a  temperature  of  3.'5^  to  38^. 
The  trips  are  usually  short.  The  water  is  aerated  by  drawing  it  from 
the  can  through  a  screen  si])hon  into  a  ])ail  and  returning  it  after  it  has 
been  thoroughly  aerated. 

Large  lobsters,  on  long  trips,  are  paclwcd  in  seaweed  in  wooden  trays 
about  G  inches  high  and  of  a  size  convenient  for  handling.  Strips  of 
wood  attached  to  the  bottoms  of  trays  have  open  spaces  between  them 
to  allow  air  circulation.  About  2  inches  of  seaweed  are  spread  on  the 
bottom  of  the  tray  and  the  lobsters  placed  on  it  with  their  claws  toward 
the  outer  ends,  so  that  they  can  not  injure  each  other,  and  the  trays  are 
then  filled  with  seaweed.  They  are  packed  in  the  refrigerator  compart- 
ments, and  the  temperature  of  the  air  is  kept,  if  possible,  at  from  40^  to 
48^  F.  A  supply  of  salt  water,  filtered  through  cotton,  is  taken  along, 
and  the  lobsters  are  sprinkled  with  it  three  or  four  times  a  day,  and 
are  also  daily  overhauled  and  repacked.  If  the  desired  temperature 
is  maintained,  50  to  60  per  cent  can  be  carried  5  or  6  days.  Lobster  fry 
are  moved  in  the  same  manner  as  cod  fry. 

In  transporting  adult  salt-water  fishes,  as  many  as  possible  are  i)laced 
in  the  tanks  without  overcrowding.  The  water  is  kept  fresh  by  air 
circulation  only.  Ice  is  packed  around  the  galvanized-iron  tanks  to 
keep  them  cool,  and  if  necessary  to  reduce  the  temperature  a  can  filled 
with  ice  is  placed  in  the  water.  Marine  fishes  have  been  transi^orted 
successfully  for  (5  days  or  more. 

A  large  number  of  fish  are  distributed  yearly  by  messengers,  acting 
independently  of  the  cars.  Each  messenger  is  sui^plied  with  a  number 
of  10-gallon  cans,  a  dipper,  a  5  gallon  iron  pail,  a  large  tin  funnel  with  a 
perforated  bottom,  a  thermometer,  and  a  piece  of  J  inch  rubber  hose, 
about  4  feet  long,  for  use  as  a  siphon,  besides  a  sup])ly  of  i(^e.  When  it 
is  necessary  to  renew  the  water,  the  messenger  sees  that  it  is  clean, 
fresh,  and  free  from  deleterious  substances.  Especial  att(Mition  must 
be  given  to  this  in  i>assing  through  limestone  regions,  and  fresh  water 
must  be  tested  before  the  supjdy  on  hand  is  thrown  away.  The  fry  are 
cared  for  and  aerated  in  the  same  manner  as  has  been  already  descrribed 
for  transporting  them  in  cans. 


SPAWNING  SEASONS  OF  FISHES  PROPAGATED,  CHARACTER 
OF  FISH  EGGS,  PERIOD  OF  INCUBATION,  ETC. 


In  the  following  table  there  are  presented,  in  a  form  convenient  for 
reference,  some  of  the  more  important  facts  connected  with  eggs  of  the 
fishes  artificially  cultivated  in  the  United  States.  It  should  be  under- 
8t4X>d  that  there  is  considerable  variation  iu  many  of  the  items,  dei>end- 
ingon  climatic  conditions,  size  and  age  of  fish,  etc.;  the  information  for 
such  can  therefore  be  only  approximately  correct.  For  certain  of  the 
less  important  fishes,  it  is  x)ossiblef  from  the  data  available,  to  supply 
only  a  part  of  the  information  iudicated  by  the  column  headings.  The 
spawning  season  given  is  generally  that  of  wild  fish  in  the  regions  where 
fish-cultural  work  is  prosecuted;  this  varies  much  with  latitude  and 
local  conditions. 

Fish  eggs,  as  regards  their  physical  characters,  naturally  Ml  into 
four  classes,  as  follows : 

(1)  Buoyant  or  floating,  as  the  eggs  of  the  cod,  mackerel^  and  most 
X>elagic  fishes,  which  come  to  the  surface  wlien  first  deposited  and 
remain  there  during  at  least  the  early  stages  of  incubation. 

(2)  Semi-buoyant,  as  the  eggs  of  the  shad  and  whitefish,  whose  spe- 
cific gravity  is  but  slightly  greater  than  that  of  water. 

(3)  Heavy,  non-adhesive,  as  the  eggs  of  salmon  and  trout. 

(4)  Heavy,  adhesive  or  glutinous,  as  the  eggs  of  the  flatfish,  sea  her- 
ring, yellow  perch,  and  most  pond  fishes. 

The  differences  iu  the  t>T)es  of  hatching  apparatus  depend  primarily 
on  the  foregoing  characters  of  the  eggs. 

At  the  hatching  stations  the  size  of  eggs  is  determined  by  placing  a 
number  of  moist  eggs,  shortly  after  taking,  on  a  flat  surface,  side  by 
side,  and  noting  bow  many  are  required  to  cover  a  linear  inch.  Owing 
to  capillary  attraction  between  adjoining  eggs  leading  to  compression 
or  flattening  of  the  contiguous  ddes,  this  method  is  liable  to  slight 
error,  the  extent  of  which  is  in  inverse  proportion  to  the  size  of  the 
eggs. 

By  means  of  the  microscope,  accurate  measurements  of  small  eggs  may 
be  made.  The  size  of  eggs  of  a  given  species  often  varies  considerably, 
sometimes  amounting  to  25  per  cent. 
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NOTES  ON  THE  EDIBLE  FROGS  OF  THE  UNITED  STATES  AND 

THEIR  ARTIFICIAL  PROPAGATION. 


The  frogs  are  familiar  representatives  of  the  great  class  of  cold- 
blooded vertebrates  kiiowu  as  the  Batrachia.  The  batrachiaus  are 
mtermediate  anatomically  and  ))hysiologically  between  the  fishes  and 
the  reptiles  (snakes,  turtles,  terrapins,  alligators,  etc.);  they  are  chiefly 
characterized  by  the  metamorphosis  which  the  young  undergo  before 
assuming  the  functions  and  habits  of  the  adults.  The  young  are  mostly 
aquatic  and  breathe  by  means  of  gills,  which  absorb  oxygen  from  the 
water.    Later  the  gills  disappear  and  are  replaced  by  lungs. 

The  frogs  are  included  in  the  order  Salientia  (the  leapers),  distin- 
guished by  having  a  short,  depressed  body  and  four  limbs,  the  hind 
pair  being  much  enlarged  and  ailapted  to  leaping  and  swimming;  the 
tail,  present  in  the  young,  disai)pears  with  age.  In  the  related  orders 
( [7ro(Z^to,  containing  the  salamanders  and  newts;  Proteida,  the  mud- 
puppies  or  water-dogs,  and  Trachyatomata,  the  sirens  or  mud-eels)  the 
tail  persists  in  adult  life  and  the  hind  limbs  are  small,  but  the  metamor- 
phoses and  habits  otherwise  more  or  less  closely  resemble  the  Salientia. 

Associated  with  the  frogs  (Ranidw),  in  the  order  Salwntia^  are  the 
families  (Bufonidw  and  IJyIidw)  to  which  the  toads  and  tree  frogs 
belong.  The  toads  are  very  closely  related  to  the  frogs,  but  differ  in  being 
more  terrestrial  in  their  habits  and,  among  otiier  structural  features,  in 
the  absence  of  teeth  and  the  possession  of  an  expansible  thorax;  their 
uncouth  form  and  the  pungent  secretions  which  have  brought  them 
immunity  from  the  atta<;ks  of  other  animals  have  added  to  the  preju- 
dice against  their  relatives,  the  frogs.  The  tree  frogs  are  characterized 
by  arboreal  habits  and  corresi)()nding  changes  in  structure.  More  than 
250  species  of  true  frogs  (Ranidw)  are  known.  They  are  most  numer- 
ous in  Africa  and  the  East  Indies. 

The  edible  frogs  of  the  United  States  belong  to  the  genus  Rana 
(Latin,  a  frog).  Of  these,  Professor  Cope  in  his  Batrachia  of  North 
America  (1880)  lists  13  si)ecies  and  G  subspecies  or  varieties,  to  which 
there  have  since  been  some  additions. 

FOOD  VALUB   OF  FROGS. 

The  value  of  frogs  as  food  is  now  thoroughly  recognized.  The  meat 
is  white,  delicate,  and  very  wholesome  and  palatable.  Although  eaten 
at  all  times,  it  is  in  best  condition  in  fall  and  winter;  in  spring  it  is  of 
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relatively  iuferior  qnality.  <.)iily  the  Linil  legs  are  commonly  utilizeii, 
the  meat  ou  tbc  otber  parts  of  the  body  beiug  eilible,  but  iu  very  small 
quautily.  In  Bome  Inralities,  liowevtn-,  tbt-eiitlrebody.arter  the  removal 
of  the  viBtera,  is  fried  with  eggs  and  bifsad  crunibe.  The  legs  are  pre- 
pared for  the  table  by  broiling,  frying,  or  stewing. 

A  prejudioo  formerly  exinted  agaiiiHt  ftf  igs  as  nu  article  of  food,  jter- 
haps  based  on  tlieir  nncunny  appearano«  and  heightened  through  tlieir 
appropriation  by  witcheB  and  empirica  for  Bpell»  in  love  affairs  and  th« 
care  of  various  diseases.  For  a  long  time  the  Freneh  people  alone 
availedthemselveRof  this  deliciury,  though  it  was  known  to  the  Itomuns. 
From  Fronu*  the  u-'^e  of  this  food  passed  into  (lermany,  England,  and 
otber  parts  of  Europe,  and  lat«r  into  the  United  States,  where  frogs 
are  now  more  generally  conenuied  than  in  any  other  country,  and 
where,  during  the  proper  seasons,  they  may  be  fouu<l  iu  the  markets 
of  any  of  the  liirgor  cities.' 

I  FBOG-HlTiTlBa. 

*  Tile  business  of  taking  frogs  for  market  has  greatly  increased  in 
recent  years.  It  is  now  carried  on  In  itll  Hections  of  the  Unit«d  ESUites, 
and  is  of  economic  imjwrtauce  iu  about  fifteen  Static's,  while  iu  nearly 
all  the  remaining  States  and  Territories  frogs  are  taken  for  local  or 
home  consumption,  of  which  it  ia  impossible  to  get  a  statistical  account 
The  States  sui>plying  the  liirjri'st  ijiiiintitlee  for  the  miirkets  are  Cali 
fornia,  Missouri,  New  York,  Arkansas,  Marylnud,  Virgiuia,  Ohio,  and 
Indiana.  More  fro^^s  arc  taken  in  New  York  thini  in  any  other  State, 
but  on  amninl  of  llu-ir  cninpanitivcly  small  si/c  tlicif  value  is  less  thiin 
in  Missouri  ;iiid  Calilornia.  'I'lie  <  iiiiaiiiaii  I'roviiu-f  c)t'  Ontario  also 
yields  a  rather  liirf,'f  supply  of  iriarkL't  tVoj^s,  As  asfertiiined  by 
ini[uii-ics  of  the  lUitvil  Stales  Fish  Goiniiiissi.iii,  tin-  aiitiual  catch  in 
the  United  Stales  is  lnil  litll.>  k-ss  than  l,(HHi.om).  will,  a  fjioss  value  to 
the  hunters  of  almiit  .■-."",(i,(iiiil.  Th<-  yi-arly  ensi  .it"  liof's  ;ind  frog  legs 
to  the  coiisiinn^rs  is  not  less  than  *l.".{l.iniii. 

The  loealities  iu  wliieli  es|.e,ially  ini|iinlaiit  In.;;  hui^tin^- is  done  are 
the  marshes  of  the  westciii  end  of  l.iiUe    l^'-iir.  ami    Lrwis  ;i(id  (hand 
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hunter's  aim,  and  at  the  same  time  bliiiding  or  dazing  the  frogs.  After 
entering  on  their  hibernation,  many  are  dag  ont  of  the  mad,  large 
nambers  often  beiug  fonnd  together  at  this  time. 

In  the  basin  of  the  St.  Francis  Eiver,  in  Missouri  and  Arkansas,  where 
the  business  is  imjiortant,  frogs  are  captured  by  means  of  spears,  with 
lines  at  the  end  of  long  rods,  and  with  firearms.  In  the  early  part  of 
the  season,  when  the  frogs  retire  to  the  mud  during  the  cool  night-s,  and 
only  appear  on  warm,  bright  days,  they  are  taken  on  hooks  baited  with 
red  cloth  and  by  guns  and  rities.  Later  the  bulk  of  the  catch  is  made 
at  night  by  means  of  spears  witli  one  to  three  barbed  prongs.  Two  men 
usually  hunt  together  in  a  boat,  one  rowing,  the  other  standing  in  the  bow 
with  spear  and  a  large  reHector  made  especially  for  the  purpose.  The 
Bf  ason  in  this  region  is  principally  from  March  to  June.  Only  the  hind 
legs  are  preserved ;  a  pair  of  these  weighs  about  half  a  pound. 

The  prices  received  for  frogs  varies  gieatly,  and  depends  on  the  con- 
dition of  the  market,  the  size  of  the  frogs,  and  the  locality.  Dressed 
legs  yield  the  hunters  from  12^  to  50  cents  a  pound,  and  live  frogs 
from  5  cents  to  $4  a  dozen.  In  the  Kankakee  Valley,  Indiana,  for 
example,  the  prices  received  by  the  hunters  are  75  cents  a  dozen  for 
large  frogs,  10  cents  a  dozen  for  medium-sized  Irogs,  and  5  cents  a 
dozen  for  small  frogs,  while  in  San  Francisco  the  market  price  is  $3  to 
$4  a  dozen. 

The  unrestricted  hunting  of  frogs  threatens  their  practical  extinction 
in  all  places  where  their  abundance  and  shipping  facilities  or  proximity 
to  market  render  the  business  profitable.  Already  a  marked  decrease 
in  the  supply  is  manifest  in  Lake  Erie,  in  northern  New  York,  and 
other  phices,  and  in  order  to  meet  the  increasing  demand  hundreds  of 
people  are  experimenting  or  x)rei)aring  to  engage  in  frog-culture. 

The  need  of  definite  information  as  to  the  methods  of  procedure  has 
been  generally  felt  and  frequent  in<iuiries  concerning  frog-culture  are 
received  by  the  United  States  Fish  Commission.  While  the  practica- 
bility of  artificial  propagation  has  not  been  demonstrated,  it  is  evident 
that  the  number  of  salable  frogs  from  a  given  area  may  be  largely 
increased  by  artificial  means.  To  undertake  intelligent  work  in  this 
line  a  knowledge  of  the  natural  history  of  the  frog  is  essential. 

HABITS  AND  DEVELOPMENT  OF  FROGS. 

All  frogs  undergo  a  tadpole  stage,  though  in  some  species  this  is  so 
rapid  as  to  lead  the  (casual  observer  to  think  it  omitted. 

Upon  the  disappearance  ot  frosts  at  the  close  of  winter  the  hibernating 
irogs  return  to  active  life,  and  as  the  waters  become  warmer  in  the  spring 
8nn  their  notes  are  heard  in  suitable  localities  all  over  the  country. 
In  some  species  the  song  is  distinctly  a  chant  d/amour;  in  others  it  is 
continued  long  after  the  breeding  season  is  over.  During  the  breeding 
season  the  social  instinct  i)revails,and  species  of  usually  solitary  habits 
congregate  in  large  numbers,  thus  becoming  ready  prey  for  the  hunter. 
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The  egga  are  extruded  by  tb<>  fi^miilc  au<I  ai-e  fertilized  by  tiie  tnsdt 
as  tlioy  i>a88  out,  very  few  railing  t«  be  impregnated.  Tlie  prwwssof 
ovi])(>KiIi()ii  or  layiDg  coiitiiiatfi  tlinxigh  sevural  days,  aud  tluring  tbis 
peritHl  several  huudred  e^ga  may  hn  ilepoaited.  Tbu  t>izu  of  tbe  uva 
varius  with  tbe  Apooifs,  but  llve^agt^B  iibout  1.T5  niillimeterK  (.07  incb) 
ill  (liai]iett>r.  In  pft8»>iiig  down  tlie  oviduct  tlie  egg  remven  a  tbin 
coatiugof  albuminou!<niitt<-i'ial;  tidtt  ntpidly  swi-ilHwheJi  the  egg  enters 
tlie  wattir  ami  forms  tli«  well  know  ii  (iwlatiiiiHis  mase  lu  whiob  the  frog 
eggs  art^  alwayo  funiid  iTiibctlded.  Tlio  toad's  egge  ure  laid  iti  {onj: 
Rtringa  and  are  readily  distiiiguisbnblv.  The  Nalumaiider's  eggs  are  also 
jdat^ed  in  tbe  water,  but  ttie  gelatiiiouB  matis  is  somewhat  tirmer  and 
ttie  egga  are  Bligtitly  larger  than  tbu  frug%  and  they  are  usually 
(le)K»iited  sotuevbat  earlier. 

The  egga  l)egin  development,  nnder  favorable  circum^tanees,  as  sooii 
as  fertili/ed,  the  rapidity  depending  mninly  on  the  t4.'uiperature  of  tbe 
water;  mcubnilon  U  much  retardeil  by  cold,  and  wime  senoous  many 
eggH  are  kdle<l  \ty  Inte  fVoHts.  At  llrt«t  tbe  upper  part  of  tbe  eggs  is 
blauk  and  tbe  htwer  wblte,  but  the  rapid  growth  of  tbe  blai;k  eiobryi) 
makcH  tbe  eiitin-.  egg  dark.  Tlie  ^^-g^g,  which  l»  at  llrst  spheriod,  miou 
IweomDH  ovoid.  In  from  4  to  3lJ  days  the  tailpole  is  able  to  wriggle 
ont  of  its  gelatiuoua  envelope  and  shortly  attaches  itself  to  some  planr 
or  other  mipiiort  by  meaim  of  a  sort  of  adliettive  organ  in  ft\>Dt  uC  the 
mouth.  At  llrst  the  mmitb  and  anu;<<  are  closed,  and  food  can  only  be 
obtained  by  absorption,  tbe  first  fomi  consisting  of  the  gelatinoas  egg- 
(■iivelo|n'.  In  !i  slunt  time  tlie  rmmtli  ;nid  aims  beeoiiie  fnnetional,  flie 
aliin.'iitiny  ciiiial  lrTij;lliriis.  ami  inac^iat.-.l  aniiiuil  and  vegetable uiatliT 
beci.nirs  tb.-lun.i.     Tlirpirvab'iil  i.b-a  tliat  tin'  tad|.iHe  is  exchisivi^ly 
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lost.  As  the  gillB  are  replaced  by  Inngs  daring  this  penod,  it  is  esBen- 
tial  that  the  tadpoles  have  access  to  taod  or  resting-places,  and  it  is  a 
time  of  peculiar  difficulty  in  the  creature's  existence.  Wlien  the  tail 
is  almost  fally  resorbed,  the  purely  aquatic  life  is  forsaken  for  the 
amphlbions  and  tbe  food  is  changed  from  dead  to  living  matter,  which 
most  demouBtrateits  living  condition  by  motion.  The  iiecaliarly  formed 
tongue — ^loose  behind,  so  that  it  may  he  thrown  out  to  quite  a  distance — 
is  covered  with  a  viscid  secretion  so  that  tlie  frog  readily  captnres 
any  insects  or  small  animals  that  approach  it  closely.  Tadpoles  are 
coomionly  satisfied  to  wait  patiently  for  their  food,  and  even  the  adults 
do  not  often  search  actively  for  food.  Sexual  maturity  is  reached  in 
about  three  or  four  years,  being  latest  for  those  varieties  that  pass  the 
first  winter  in  the  tadpole  staga  It  is  generally  believed  that  trogs 
live  for  12, 15,  or  even  20  years. 

During  the  tadpole  stage  they  famish  tempting  morsels  for  fish,  rep- 
tiles, some  mammals,  and  otlier  frogs,  and  especially  for  wading  birds, 
like  herons  and  cranes.  Their  defenseless  condition  and  the  sliallow- 
ness  of  their  nataral  habitats  at  this  period  make  tbem  ready  prey. 


Spring  t'rog  oi'  Leopard  t'ro^  (Sana  riresi:eiis). 

and  it  is  in  the  preventiuii  of  this  wholesale  destruction  that  man  may 
profitably  intervene.  In  the  adult  frog  stage  the  rvleutless  pursuit  by 
birds  and  reptiles  is  contiimed  until  of  the  hundreilB  of  eggs  deposited 
Cbw  become  reproducing  individuals.  Only  sliglit  revenge  for  all  this 
slaughter  can  be  taken.  They  may  occasionally  ca|)tnre  disabled  fiah 
or  small  fiah  of  sliiggisli  habits  found  in  tlie  mud  or  on  the  bottom,  and 
InstADces  are  recorded  of  their  eating  snakes,  toads,  and  young  birds, 
but  insects  and  lower  forms  are  their  staple  diet. 

DBSOBIPTION»  OP  aUBKETABLE  FKOG3  OP  THE  UNITED  STATED). 

The  species  of  iVogs  commonly  eaten  are  the  bullfrog  {Rana  eaten- 
biana),  the  green  frog  (Kana  clamata),  the  spring  frog  {Rana  rirescena), 
and  the  western  bullfrogs  (Rana  prctiosa  and  liana  aurora). 

The  following  references  to  their  geographical  diatribution  and  brief 
descriptions  of  their  color  and  fortn  have  mainly  been  extracted  from 
Professor  Copers  work  ou  The  ltatra<'hiaof  Ifortb  America  (Bulletin 
Vo.  34,  IT.  S.  liTational  Museum,  1839). 
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I  Ttift  most  wiilfly  distributed  »pocio8  in  Tliu  t-timnion  feog,  spring  '>'og| 
liRhlul  IVog,  or  loopanl  ftog  {Itana  rirrsveng).  It  is  found  from  tbe 
Atlnntic  Coast  to  tlio  Sierra  NevndH  Mouittaiiia,  aii<l  from  Lake  Atha- 
basiia,  hi  Canada,  to  Un.iteiDnliv,  Centriil  Ammva,  but  in  most  Hbundant 
ill  t)i«  East«rn  3tAt€i».  It  reiirlies  iilengtbof:iboiit-1^  inches,  exclusive 
of  legs,  The  toes  are  well  webbed,  but  the  web  does  nnt  reouli  the 
tips  nf  tho  fourth  toe,  as  in  tbe  cutnmuu  bulItVog.  The  head  is  moderate 
ID  fiize,  tbe  miout  beiii);  rath»r  pointod;  the  tympaimni  {v&r)  is  distinct 
and  nearly  as  large  na  the  eye.  Tho  bind  limb  lieint;  (carried  forward 
along  the  body,  tbe  tibio-tHrsul  »rti(;ntation  reaches  nearly  the  tip  of 
tbe  Hiiont.  The  eolor  is  nsunllj'  bright  green,  marked  by  irregular  black, 
dark-btown,  or  olive  blot^-hes  edged  with  nbltiKli  or  yellowish.  These 
H|>ots  form  twii  irre^idnr  n>ws  on  tbe  boi'k  iind  one  or  two  more  or  less 
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males  and  smaller  in  females.  A  fold  of  skin  runs  from  tbe  eye  back- 
ward, with  a  short  branch  from  tbe  tympauum  to  the  shoulder.  The 
femur  and  tibia  are  equal  in  length,  the  web  of  toes  not  reaching  end 
of  fourth  toe. 

The  color  above  is  dark  olive  posteriorly,  passing  into  brilliant  green 
anteriorly.  It  is  sometimes  greenish-brown  above  and  on  sides,  with 
small  round  brown  spots.  The  buttocks  are  usually  mottled  with  brown 
and  yellowish  white,  but  are  almost  uniformly  bliU5k  in  some  specimens. 
Below,  this  species  is  white  or  greenish  white,  sometimes  more  or  less 
mottled  and  blotched.    The  throat  is  citron  yellow. 

This  frog  is  especially  aquatic  in  habits,  not  hunting  on  laud;  it  fre- 
quents all  kinds  of  fi^esh  waters.  It  is  more  solitary  in  its  habits  than 
B.  virescens,  living  singly,  in  paii^s,  or  in  small  companies.  It  is  active 
on  land  and  in  water,  but  not  noisy.  A  nasal  "chung''  is  occasionally 
uttered.    When  disturbed  it  often  emits  a  shrill  cry  as  it  leaps  into 


Jiana  cot^tbiana.     Upner  fig- 
ure fciualc.  lower  figiiro  malo. 


liana   clainata.    T^jiper  tigurv  fe- 
niaU*,  lower  fignro  niaU'. 


FigureH  illu»tratiii^  ^'llltiv^^  8i/o  of  tho  tyuipaunm  in  tho  two  sexes. 

the  water.  It  is  preeminently  an  inhabitant  of  swamps  and  marshes, 
espe<;ially  those  connected  with  rivers  or  large  creeks.  '*It  is  the  first 
species  heard  in  spring,  and  although  its  voiie  is  not  loud,  the  noise 
produced  by  thousands  of  them  is  deafening  when  heard  close  at  hand, 
and  is  transmitted  through  the  atmosphere  for  many  miles.  It  may  be 
imitated  by  the  syllables  c7/oc7i-,  chock,  chorkJ^ 

The  pickerel  frog,  marsh  frog,  or  tiger  frog  {Rana  paluHtria)  closely 
resembles  the  leopard  frog,  but  may  be  readily  distinguished  from  it  by 
the  bright  yellow  on  the  thighs  and  legs.  It  is  solitary  in  its  habits 
and  is  often  found  in  the  grass,  although  preferring  cold  spring  streams. 
In  the  Alleghany  Mountains  it  is  the  most  abundant  frog.  It  is  a  very 
active  species,  taking  longer  leaps  than  any  of  the  others  bArfl 
Tbe  note  is  a  prolonged,  low,  grating  croak.  .Owin*' 
odor  it  is  but  rarely  eaten. 


F.M. 


17 


258        REPORT   OF   COMMISSIONEB    OP    FISH    AVD    FISBERISfl.^ 

Tlie  bullfrog  [Rnna  oatatbiana)  is  the  largest  of  North  Ajuericao 
frogs,  reaching  a  Imdy  leugth  of  over  S  inches.  It  ha»  miieh  tbe  same 
geograpliieal  raugp  as  the  apring  frog.  The  body  is  very  bulky  nad 
clnuiHy,  the  legs  are  thick,  aiid  the  heat)  is  Unntdir  than  in  R.  elamata, 
A  fold  of  skin  extends  from  the  eyes  over  the  tympanum,  around  the 
insertinn  of  forearm,  and  disappears  on  the  breast.  There  are  no  folds 
on  the  sides  of  hack,  aa  in  R.  clamnta  and  R.  rire^oetM.  The  skin  is 
slightly  rough  above.  The  tympanum  is  larger  than  eye,  with  tbe  aame 
sexual  itiffereiices  ns  iu  ft.  clamata.  This  tibia  is  slightly  shorter  than 
the  femur.  The  hind  toes  are  fully  webbeil.  The  complete  webbing  of 
the  fonrth  toe,  with  the  absence  of  dorsal  folds  of  skin,  furnishea  meunft 
of  distinguishing  this  &om  tbe  aiiring  frog. 


The  wdor  above  is  (.liv 
blotches  Iniir  the  diaiiictci  < 
The  color  isHornc(inics  veil 
intrs.  The  hind  Ic^s  an-  I.; 
nciii'ly  lila.'k  i.uii'kinjrs. 
ni(itt]iii;;s<.f  biitwn,  Mic  111 
jOLliif,'  the  bl-ilch.'s  iibc.vr  ; 
niidcr  parts  are  jclliiwisb  ii 
tliose  of  ft.  cliiDiat'i.  lioll) 
sta^'c  anil  are  sai<l  under  i 
second  "inter  s...  This  t-.i, 
iniporlan.'e  t.j  tlic  ■■ultnrisl 
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tyiDjKiiiam,  vhicli  is  sotuetimes  indistinct  iu  some  small  Bpecimens,  is 
smaller  than  the  eye.  Skin  thick.  The  femnr  is  shorter  than  the  tibia 
and  not  quite  half  length  of  bcKly.  Tlie  toes  are  fally  webbed.  A 
depressed  ridge  extends  from  eye  to  dank.    The  color  ie  dull  yellowiBh- 


Weatem  Frog  (Ranapretioia) 


brown  (dead  leaf)  above,  darker  on  Kiiles,  with  circular  brown  blotches 
between  the  ridgeH.  Tlio  outer  surface  of  the  limbs  is  blotched  trans- 
versely. The  body  HpotK  are  often  Ibkb  numorous  luid  smaller  than  in 
the  specimen  fignred.  The  aiider  parts  are  yellowish  white,  with  obscure 
brown  marbling,  posteriorly  salmon  color. 


Itiillfrog  (Hana  a 


Bona  atinira  is  found  in  the  western  coa^t  region  of  the  United  Staten. 
The  body  Is  depressed  and  ulongiiti-d ;  limbs  slender,  well  developed ; 
head  broad,  acnte,  rounded  anteriorly;  eye  moderate;  tympanum 
smaller  than  eye,  but  not  so  small  as  in  preceding  species.     A  CqUlqC 
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akiti  nins  from  eye  to  hind  leg.  The  femnr  is  Aborter  than  the  tibia, 
which  is  rather  more  than  h&If  tlie  length  of  body.  The  to«H  are  not 
quito  fully  webbed,  the  last  joints  uf  all  the  toes  aud  last  two  uf  ih« 
fonrtb  toe  being  free.  Tlie  color  above  is  greeiiiah-yellow,.with  goldvii 
reflections,  s]>otted  with  black.  The  sides  of  abdoiuen  and  biud  lof^s 
arc  reddish  orange  The  under  parts  are  dull  yellowish-gi'eeii,  s|K>tted. 
While  the  species  of  froga  described  are  those  commonly  used  for 
food,  there  seems  no  valid  reason  why  any  of  tlio  Kani<liv  rnay  not  be 
eaten.  The  small  8i/.e  of  some,  with  possibly  a  disagreeable  otior,  ba« 
prevented  their  use  up  to  this  time. 

SUdOESTIONS  FOn   If  a  DO- CULT  UUR. 

From  the  foregoing  discumsiou  of  the  development  of  the  ftog  it  wilt 
be  seen  that  ita  culture  mast  be  of  nucesKily  a  matter  rwiuiriiig  time, 
patience,  and  an  appreciation  of  the  animal's  babitn  and  needs.  So 
fur  as  can  be  learned,  att'Cinpts  tbuA  far  tnatle  in  the  cuitivation  of 
Axigs  fhmi  the  egg  stage  have  been  arrested  at  the  jieriod  when  tb« 
larva  aesunion  tlie  adult  form.  From  this  time  the  food  must  Ik-  living, 
and  it  generally  conBl8t8  almost  entirely  of  insects.  The  dilliculty. 
approacrbing  impossibility,  of  furuisbing  these  in  suflicient  ijuantity 
has  been  tbe  gn^t  drawbiick.  Tbe  placing  abont  the  pond  of  meat 
and  decaying  matter  to  attract  flies  bus  been  emggestcd,  but  tbe  con- 
tamination of  the  water  by  the  imisonous  matters  of  decom position  has 
conntenicted  all  benclits  produced.  Tlie  irogs,  failing  in  the  snppiy  of 
nii.n-  nalnnil  food,  liave  I.ecii  c.imi.cllnl  t-i  devour  ,.rie  another. 

To  rear  tlir  tailiMjIo  in  r<iiri|Kiralivi'!y  easy.     Aiiyuiic  may  obtain  a 
supiily  of  e;;frfi  l>y  vi>iliiiK-  the  slai;iiaiit  pools  iu  early  sjiring  with  a 
I  be  less  iidvautajreous 
illi  >L  siillicient  nnmber  ol  pairs 
y  building  a  fh.sefenee 
ii'nires  as  rac<-o<)ns  auil 
ai  wailint;  biid.s,  whose 
slaml  in  tlie  water  ami 
!)e  ellfetive  must  be  so 
>'!'  animals  to  stand  on 
tlir  screen,  and  iit  tlie 
II  must  all.iw  tlie  youiij;  Iu  cmic  ti.  land,  lor  if  there  ia  iio 
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growtby  hence  the  desirability  of  selecting  a  shallow  pond.  The  young 
should  be  separated  from  the  adult  frogs  during  this  time,  as  they  are 
eagerly  eaten;  and  it  is  needless  to  say  that  the  pond  must  be  free 
from  fish,  turtles,  snakes,  and  crayfish. 

The  critical  period  occurs  at  the  time  of  metamorphosis.  The  crea- 
ture is  now  abandoning  its  aquatic  habits  and  has  not  yet  a  pericct 
apparatus  for  terrestrial  life.  Any  slight  disarrangement  of  the  natural 
environment  is  liable  to  destroy  the  equilibrium.  The  rapid  resorption 
of  the  tail  furnishes  matter  for  growth,  so  that  food  is  not  so  much  a 
necessity,  but  as  soon  as  the  terrestrial  habit  is  fully  assumed  live  food 
is  absolutely  requisite,  and  should  be  furnished  in  liberal  quantities. 
There  seems  to  be  no  reason  why  this  might  not  be  accomplished  by 
transfer  of  the  tadpoles  to  waters  where  natural  food  abounds.  It  is 
useless  to  attempt  to  supply  this  food  artificially  by  any  method  at 
present  known,  neither  has  any  device  to  increase  the  natural  abundance 
of.  insects  been  practicable  as  yet.  The  pond  should  have  a  growth 
of  rushes  and  other  plants;  wild  rice  {Zizania  aqiiatica)  has  been  recom- 
mended, but  it  might  attract  birds  that  would  prefer  young  frogs  and 
tadpoles  to  their  vegetable  fare.  Shade  is  necessary.  Such  a  pond 
will  furnish  natural  food  for  a  large  stock  of  frogs,  and  give  opportunity 
for  successful  breeding. 

One  of  the  most  successful  "  frog  farms  "  is  in  Ontario,  in  the  Trent 
Biver  basin.  It  has  been  in  oi)eration  about  twenty  years  and  annually 
yields  a  comparatively  large  product  of  frogs.  The  waters  were  stocked 
by  means  of  mature  mated  frogs.  No  attempt  is  made  to  confine  the 
frogs  until  near  the  time  for  shipment  to  market.  They  are  then  taken 
alive  at  night,  with  the  aid  of  a  torchlight,  and  confined  in  small  pens 
that  can  be  drained  when  the  frogs  are  desired  for  market.  No  food  is 
given,  as  this  is  naturally  x)reseut  in  sufficient  amount  for  successful 
growth.  The  species  is  the  eastern  bullfrog  {lianu  cateshiana);  it 
begins  to  breed  at  the  age  of  three  years  and  reaches  a  marketable  size 
in  four  years.  During  the  years  1895  and  189(5  this  **farm"  yielded 
5,000  pounds  of  dressed  frog  legs  and  7,000  living  frogs  for  scientific 
purposes  and  for  stocking  other  waters. 

While  at  present  it  would  perhaps  be  advisable  to  limit  practical 
attempts  at  frog-culture  to  stocking  natural  waters  with  paired  breeders, 
experiments  in  artificial  methods  should  not  be  abandoned.  There 
seems  no  reason  why  methods  similar  to  those  at  present  pursued  in 
fish-culture  may  not  eventually  be  successful  in  the  case  of  frogs. 
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OTSTEES  AND  METHODS  OF  OTSTER-CIJLTURE. 


By  IT.  V.  Moore, 
AsaistanU  United  States  Finh  Commi8$ion, 


INTRODUCTION. 

This  paper  is  designed  to  briefly  set  forth  the  principal  facts  relating 
to  the  subject  of  oyster-culture  in  the  United  States.  It  embraces  the 
practices  of  proved  commercial  value  as  well  as  a  summary  of  the 
methods  and  results  of  investigations  which  appear  to  give  some  prom- 
ise of  utility  in  certain  i)la(*es  and  under  8i>ecial  conditions,  or  which 
indicate  the  lines  along  which  profitable  experiment  may  be  carried  on. 
It  is  intended  primarily  as  a  guide  to  those  persons  who  are  exhibiting 
an  interest  in  the  subject  and  who  contenii)late  embarking  in  the 
industry,  yet  hesitate  on  account  of  unfamiliarity  with  the  methods 
employed.  To  aid  such  persons  to  a  more  thorough  understanding  of 
the  problem  involved,  certain  matters  are  considerexl  which  do  not 
strictly  appertain  to  the  ])racti(*al  side  of  the  subject,  but  which  may 
assist  in  exphiining  observed  })hen<miena  or  in  indicating  the  lim- 
itations and  possibilities  of  exi)erinieiit.  Such  are  the  chapters  on 
development  and  anatomy. 

Attention  is  directed  chiefly  to  the  eastern  oyster,  which  is  the  species 
of  principal,  one  might  almost  say  only,  interest  in  this  country,  and, 
practically,  the  great  problem  of  oyster-culture  ax>x)iie5  to  it  alone. 
For  comparative  purposes,  however,  aiul  to  round  out  the  information 
presented,  it  has  seemed  advisable  to  incor]>orate  some  facts  regarding 
the  native  oysters  of  the  Pacilic  Coast. 

DISTRIBUTION. 
ATLANTIC   (K)AST. 

Upon  the  eastern  coast  of  Xorth  America  there  is  but  one  species  of 
oyster,  (htrea  virginica^  which  occurs  along  the  nortbern  side  of  the 
Gulf  of  Mexico,  on  the  Atlantic  coast  from  Florida  to  Cape  Cod,  and  on 
the  southern  and  western  shores  of  the  (^ulf  of  St.  Lawrence.  In 
Massachusetts  Bay  and  on  the  coast  of  New  IIainx)shire  and  Maine  it 
does  not  now  occur,  though  it  was  found  in  abundance  locally  at  the 
time  of  the  settlement  of  the  country,  and  the  former  exist-eiice  of  beds 
of  great  extent  is  indicated  by  the  vast  (piantities  of  the  valves  in  the 
ancient  Indian  shell -heaps.  Oyster  fisheries  are  located  in  every  coast- 
wise State  from  Texas  to  Massachusetts  and  in  the  Maritime  Provinces, 
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the  most  im]H)rti»it  betii^  in  CheHapenke  Bay,  mainly  upou  the  tiulunJ 
beds,  null  In  Long  ImIuikI  SouihI,  priuctpally  ujKjn  |ilaul«<i  ^rounda. 
The  (Juuiulian  oyster- betU  are   much  depleted,  aud  nn  effort  is  uo»h 
beisg  mado  to  restore  them  Ui  a  prodaotive  vonditioD,  ■ 

PACIFIC!    COAST.  " 

Upon  the  western  mast  of  North  Amorifa  there  are  five,  and  perhaps 
six.  recogniaed  speeies  uf  oysters,  hut  only  two  of  them  are  of  prwient 
importauee. 

The  ©astern  oyatfir  was  planted  in  Siiu  FraDrisco  Bay  about  1872  and 
has  there  formed  the  basis  of  a  Homewhat  important  industry  evpx 
since.  The  supply  has  been  maintained  by  the  annual  plaiitiriju:  of  seed 
oystei-s  from  the  etwt,  and  while  the  species  appears  to  be  propai^atiug 
itiicir  to  a  limited  extent,  no  reliance  has  been  phvccd  upon  this  fact 
for  the  uiainteuanco  of  the  beiia.  The  Kuited  States  Fish  Commission 
bus  recently  pUnted  oysters  in  H'illapa  Ituy,  Woshiugtuii;  Yaquiua 
Bay,  Oregon,  and  Uamboldt  Bay,  Califoruta,  but  it  is  still  too  early  to 
say  with  what  success. 

The  native  oyster  {0*lrea  furirfajof  California,  Oregon,  aud  Washing- 
ton is  found  at  various  places  ou  the  uoasts  of  the  iSI-ates  uieulioneil, 
bat  attains  its  greatest  size  and  i>erf<-ctioniu  Willapa  Bay,  It  is  nnioh 
Inferior  to  the  eastern  nyater  in  sine,  liiit  IfJt  llavor  is  esteemed  by  many. 

In  the  Oulf  of  California  is  found  a  large  species,  Ostrea  iridescent, 
which  resembles  the  east^Tu  sitecies  and  is  an  object  of  some  trade  iu 
the  adiiiinin^'  purtiims  of  Mc.xicii.  Attcmjits  tiiivc  lu'eii  niiiiie  to  iiitro- 
duiv  tiiis  r.inii  ill  Hir  in:irkcts  of  Ban  T'laiiriscj,  but  the  mortality  en 
route  lias  been  lar-c  iiriil  llic  vcntinv  !ni|in.ti table. 

Tw<»  sniall.T  oysters.  'lsln,i  imhiiiir.'  anil  Oslmi  i-.itiimai  gUmimla. 
are  also  founil  in  the  (lulf  of  ('aliliirnia. 
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margin  than  to  the  hinge;  it  is  a  well-deiined  scar,  kidney-shaped  in 
Bi>eeiinens  of  ordinary  size,  bat  becoming  more  elongate  in  very  large 
individuals;  in  young  specimens  it  is  pale,  bat  it  afterwards  becomes 
purple  or  almost  black.  The  left  or  lower  valve  is  deeply  concave 
within,  the  upper  valve  being  flat  or,  usually,  slightly  concave.  The 
animal  x)ortions  are  large,  nearly  filling  the  shell,  and  the  mantle  border 
is  comparatively  narrow.    (Plate  v.) 

PACIFIC  COAST   "NATIVE,"  OSTBEA  LURID  A. 

The  shell  of  this  species  is  thin  and  irregular,  varying  in  shape  from 
almost  rouud  to  elongate  elliptical;  the  surface  is  sometimes  laminated, 
but  is  never  ribbed;  the  color  is  variable,  being  sometimes  purple, 
sometimes  dirty  green  or  gray;  the  inside  of  the  shell  is  greenish, 
sometimes  tiuged  with  purple.  The  muscular  impression  or  scar  is 
purple,  but  paler  than  in  the  eastern  oyster,  and  its  greatest  leugth  is 
usually  longitudinal  rather  than  transverse;  it  is  sitnated  about  mid- 
way between  the  hinge  and  the  lips  or  nibs  of  the  shell,  and  its  ventral 
margin  is  usually  prolonged  toward  the  hinge.  There  is  rarely  a  well- 
defined  pit  or  excavation  beneath  the  hinge,  the  inner  face  of  the  shell 
sloping  off  geutly  from  the  ligament.  The  lower  valve  is  deeper  than 
the  upper  one,  but  is  rarely  so  strongly  concave  as  in  the  eastern 
species.    (Plate  vi.) 

REPRODUCTION  AND  DEVELOPMENT. 
SEXUAL   CHARACTERISTICS. 

In  the  European  oyster  the  individuals  are  liermaphrodites — that  is, 
each  is  both  male  and  female;  in  the  common  eastern  oyster  the  sexes 
are  separate,  each  individual  being  either  male  or  female,  but  not  both. 

Although  the  sexes  differ  remarkably  in  physiology  and  minute 
anatomy,  it  is  not  possible  to  distinguish  male  from  female  by  any 
known  external  characters.  It  is  only  by  an  examination  of  the  genital 
glands,  which  in  the  male  produce  the  spermatozoa  or  milt  and  in  the 
female  the  ova,  eggs,  or  spawn,  or  by  examining  the  genital  products 
themselves,  that  the  one  sex  may  be  distinguished  from  the  other. 

The  difl'erences  between  the  ovaries  of  the  female  and  the  testes  of 
the  male  are  explained  in  the  section  treating  of  the  anatomy.  When 
the  animals  are  rii)e,  the  distinction  of  the  sexes  is  most  conveniently 
made  by  an  examination  of  the  genital  products.  A  drop  of  genital 
fluid  is  extracted  from  the  oyster  in  the  manner  described  under  the 
head  of  artificial  fertilization  (p.  332)  and  let  fall  into  a  glass  of  clear 
sea  water.  If  the  individual  be  a  ripe  female,  the  drop  will  break  up 
into  a  uniformly  distributed  cloud,  which,  if  examined  against  a  black 
background,  will  be  seen  to  consist  of  separate  minatA  wVi "  '^nles 

or  eggs.    If  the  eggs  be  unripe,  they  will  rema' 
compound  masses.    If  the  specimen  exam) 
milt  will  form  an  irregular,  stringy  dood^  ■ 
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Htrvokti  if  the  water  be  agitated,  auil  witb  tio  jiArliolM  distjupuahable 
by  tliii  rjaked  eye. 

Atiotlier  ti^t  H  to  spread  out  n  drop  of  the  genital  6wU  tms«d  vitli 
n  drop  of  water,  in  a  thin  flim  upon  a  pwvt-  at  gla^s,  snt!li  as  a  mierD 
Nr(t]to  Rlide.  If  I  La  HjMyjinoii  bo  a  fomalt^an  examluatjon  with  ;k  strong 
band  lorn*  will  roveal  many  minute  pear-HliaiMHl  urorsl  bodies  oregg*. 
(!a«b  with  a  vlear  Kiiot^  the  nndcittt  or  »u-iuil)i'd  ([terminal  vehicle.  If  tb« 
HjHnc.iuK'u  bo  K  nialci,  tb(>  fihn  can  not  Ixt  i-^koIvM  into  distJD^iabable 
partic)t<»  wUoii  viewed  witli  ttic  lcni>;,  bat  i^ousists  of  a  indk  vhit«  mam. 
having  a  quiveriuf!  apiienrance  owini;  to  the  vflcct  of  the  romblned 
inovementfl  of  Hie  indiHtinfOiiHl table  spennatoi!»a. 

Tlie  biAtolocicitl  iiliaracler!)  wtiirh  dtHtingniab  the  testes  and  nvttj 
are  considered  under  tlio  boft<l  of  anatomy. 

According  to  I'roftsMor  St^bicdt,  an  bvrtuaphnxHtic  oyster  nvcura  on 
our  nortiiwOKt  r-^oast,  tlifi  HiH-«-fmunii  oxainiiitMl  coming  from  the  State  of 
WaBhington,  tbo  exact  tonality  not  being  niuntioned.  SexaaUy,  tlMre- 
foro,  this  apuctes  reaemblen  tbo  iH)mnioii  oyatur  of  Karojie. 

KtPKNINO   OK  THK  GF.NKEATIVli  OEOAKS. 

In  siirimt,  when  tlic  wat^ir  bcgina  to  warm,  cprtnin  ohangea  begin  to 
manifest  tlieuiaelves  in  the  generative  organs,  preparatory  to  the  act 
of  BpawutuB.    In  tbe  female  aome  of  the  ininnte  eggs  in  tbe  ovaries 

iiKTcaae  iii  hixc  and  liei'unie  looHeried  in  the  follicles  or  tittle  [mckets  of 
tissue  in  wliicli  tlicy  liave  underffonc  their  early  development.     Alt  of 

tii.f,u;;s  \,  hirh  :,n-  In  lir  ilis.liiii -rrd  iit  all  v  one  ye;ir  do  not  riiieii  at  tlie 
saiiir  tiiiir.  >i>  lliMl  iIk'  s|.j\\nin^^  nl'  each  inilividiial  extends  over  a 
-livai.r.ii-  Irss  |.ciin.l.  An  rxaniiJiiiliou  of  tlie.iv;iry  at  any  lime  will 
iihvays  slii.«  ^'rrat   niiKiiirrs  ol   ininnte  iiiiniatnre  ejrjrs,  most  of  tliese 

liein^jova  wliifli  will  ij|ii-i I  l>e  ili-ii'liaificd  diniti;;  sonu' sul)sequeut 

yeai-.  Ollin- <In.n-.-^,  wjiiili  it  is  n.il  neressaiy  to  mention  here,  take 
plaiT  in  lln- .■;;-■;  ;ind  lissni-s,  hnl  tlir  iiUiniato  result  is  Miat  the  ovary 

l>i ni.-s  cnlaified  liy  llir  .^rnwih  of  tlie  ii|irnin;,'  ej;j,'s  and  the  latter 

paws  into  (ho  iividncis,  whicli    slainl   mil    as   milky-while  and  much- 
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together  with  the  varioas  waste  products  resalting  from  digestion  and 
respiration. 

The  season  at  which  oysters  spawn  differs  with  the  latitude  of  the 
bed  and  with  local  conditions.  As  a  general  rule,  it  may  be  said  that 
they  ripen  earlier  in  the  south  than  in  the  north,  and  that  in  the  same 
region  the  genital  products  mature  earlier  in  shallow  than  in  deep  water. 
These  facts  appear  to  be  dependent  primarily  uiK)n  the  temperature, 
other  things  being  equal,  southern  waters  warming  before  the  northern, 
and  the  shallows  before  the  depths. 

It  is  stated  that  the  raccoon  oyster  of  South  Carolina  spawns  from 
the  middle  of  March  to  the  middle  of  August,  liipe  individuals  are 
found  in  shallow- water  creeks  daring  January  and  February,  and  it 
is  probable  that  intermittent  spawning  may  take  place  at  any  time 
during  the  year  when  favorable  conditions  i)revail.  In  Chesapeake  Bay 
oysters  are  found  spawning  from  April  to  October,  but  apparently  a 
few  scattered  individuals  spawn  at  other  times,  though  most  of  the  spawn 
appears  to  be  cast  during  the  latter  part  of  July  or  early  in  August. 
In  Long  Island  Sound  spawning  takes  ])laee,  according  to  the  locality, 
during  May,  June,  July,  and  August.  Sometimes  many  oysters  are 
found  with  well-develoi)ed  ova  during  April,  but  this  appears  to  be 
unusual,  and  Dr.  Dean  remarks  that  when  it  occurs  "it  will  almost 
invariably  be  found  that  the  spring  has  been  warm  and  dry.'' 

Not  only  the  time  of  spawning,  but  the  quantity  of  spawn,  appears 
to  be  affected  by  the  w(^ather  conditions.  Sudden  changes  produce 
very  marked  results,  and  a  transfer  of  the  oyster  from  one  ])lace  to 
another  during  the  spawning  season  is  almost  certain  to  interfere  with 
reproduction  or  even  absolutely  arrest  it. 

The  age  at  which  the  oyster  becomes  capable  of  reproducing  its  kind 
varies  with  the  h)cality,  but  it  appears  that  in  regions  of  rapid  growth 
the  generative  organs  ripen  during  the  first  year.  The  number  of  eggs 
discharged  by  the  female  is  naturally  dependent  ui)on  its  size.  Accord- 
ing to  Dr.  Brooks,  the  .Maryland  oyster  of  average  size  produces 
16,000,000  eggs  each  year,  while  a  very  large  individual  may  produce 
60,000,000.  The  spermatozoa,  being  extiemely  minute,  are  i present  in 
the  milt  in  inconceivable  numbers. 

Notwithstanding  the  great  fecundity  of  the  individual  oyster  the 
reproductive  power  of  the  beds  is  not  so  vast  as  is  generally  supi)osed. 
If  the  oysters  are  scattered,  or  the  number  si)awning  at  a  given  time  is 
small,^  most  of  the  genital  matter  will  be  wasted,  as  the  contact  of  the 
male  and  female  cells  is  entirely  dependent  upon  chance,  and  the  fewer 
such  cells  there  are  in  a  given  body  of  water  t  he  smaller  the  probability 
of  their  meeting  and  fusing  in  the  manner  constituting  the  act  of  fer- 
tfUsatton.  "  nor  the  spermatozoa  live  long  after  they 

vnd  if  fertilization  is  to  take  place  at 
«*oc^  itly;  and  it  will 

^f  germ  cells 
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EMBRYONIC  DEVELOPMENT. 


ipm^^H 


I 


The  following  popular  ai-coaQtof  the  early  stages  iutbe  develoi 
of  tiie  oyster  is  slightly  modified  from  the  deecriptioo  by  I>r.  W.  £. 
Brooks: 

The  ovarian  ogga  ftr«  Bimply  tlici  Mils  of  &a  oiganof  the  body,  the  ovarj,  nod  tbcy 
dllTrr  from  tlie  iirdinary  cell*  uuly  iu  litiinj;  niiirb  Isr^r  aiiil  mam  distinct  front  earli 
otbcr,  BDil  they  buve  tbo  pawar,  whcu  dtstu«hi<il  from  Uio  body,  of  growinir  and 
dlviiling  Dp  ioto  poll*,  wbk'ii  hUkU  iihape  ILemiielvu  iuto  a  new  orgviUiD  like  that 
from  wbiiM  bi>il.v  the  egg  cnmn.  Moat  of  the  aMpa  in  thlit  wondorfnl  procaaa  tnny  !>• 
watched  UDilBr  th«  mirriiatuiiip,  anil  owing  to  tlic  cax"  with  which  th«  oggsof  th» 
ojit^r  may  be  oblaiuad  thit  ia  a  ver;  guoil  <■)■){  to  aiiidy, 

Abotit  tniiiiiinteaafMrtfati  i%g»  am  ferlilixiMl  th»y  will  Wfoqnd  toba  rxiverml  with 
male  p«lli,  >a  ahuwD  in  plato  vii,  ll^.  1.*  In  about  an  bum  the  egg  will  b<r  foaad  to 
havuchaDgaiUtBKhapoanit  appMUHUco.  It  isuuw  neaTljapheric.al,  aeahown  in  plate 
VII,  tig.  U,  and  thagonulnatlvc  vn«i«1r>l»  no  longer  viajblo.  The  ma]ot»IIsmay(lTIUB; 
l)o^*tiU  lie  vlalhlanpon  thoouIoraiirtWa.  In  a  ghontime  a  little  transparent  imiot 
ID»keB  ita  appearanoo  on  the  aiiTfaco  or  Ibe  tigij  an<l  Ini-rNues  in  aiie  naA  soon  forma 
%  llttlo  pntJ»ctiDg  tTaDit]>areut  kuob^tbe  frolnr  j/lolnih — wbii'h  is  sbonn  iu  platn  vti, 
tig.  S,  and  in  iiDoit>edlug  ligunvi. 

RrDentliivi^atigatlonalend  tosbow  that  while  these  obanges  are  taking  placn  onr  of 
the  mala  cdHi  iienetrutoa  tbo  prutoploamuf  tbeegg  uod  unites  with  the  gerniinative 
VMlclo,  wblcb  doeinol  diiapponr  but  ilividen  into  two  part«,  one  of  which  In  pushed 
out  of  the  egg  and  bnoomoi  the  polar  globnlit,  while  the  otbeir  reinaina  behind  nsd 
beMHTiM  th<i  aaolfu*  or  the  deraloping  egg,  hot  ohangea  its  appearance  ao  that  it  is 
no  longer  i^onaplonniis.  The  egg  now  I>ec'>me8  pear-shnped.  with  the  jinlitr  gti>bnlp 
at  the  bniad  end  of  the  pear,  and  thin  I'nd  noon  ilirideH  into  two  parte,  so  that  the 
ogu  (pinlit  VII.  <ig,  t)  in  noiv  iiiiiili'  of  imn  large  niiisB  and  two  8li|;btty  smaller  on<-8, 


vitl.  I 


,ol.r  glol 


of  til. 


sninll  relU 
1<-,  nnd  the 
^  VI.,  tig.  4. 

tbfi  egg,  or 
a  the  Nlia[>e 


eiirfac 


n  U>  b.! 


;eflpb,.rule,<i,of 

the  tipper  layer, 

-lit  very  slightly 

nlmost  meet,  and 

t;igi'  baa  been 
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A  circular  tnfb  of  long  hairs  or  cilia  has  now  made  its  appearance  at  what  is  thns 
marked  as  the  anterior  end  of  the  body,  and  aa  soon  as  these  hairs  are  formed  they 
begin  to  swing  backward  and  forward  in  snoh  a  way  as  to  constitute  a  swimming 
organ,  which  rows  the  little  animal  up  from  the  bottom  to  the  surface  of  the  water, 
where  it  swims  around  very  actively  by  the  aid  of  its  cilia.  This  stage  of  develop- 
raenty  plate  vii,  fig.  12,  which  is  of  short,  duration,  is  of  great  importance  in  raising  the 
young  oysters,  for  it  is  the  time  when  they  can  best  be  siphoned  off  into  a  separate 
yessel  and  freed  from  the  danger  of  being  killed  by  the  decay  of  any  eggs  which 
may  fail  to  develop.  On  one  surface  of  the  body  at  this  stage,  the  dorsal  surface, 
there  is  a  well-marked  groove,  and  when  a  specimen  is  found  in  a  proper  position  for 
examination  the  opening  into  the  digestive  tract  is  found  at  the  bottom  of  this  groove. 
Plate  VII,  fig.  13,  is  a  sectional  view  of  such  an  erabryo.  It  is  seen  to  consist  of  a  cen- 
tral cavity,  the  digestive  cavity,  whicli  opens  extomally  on  the  dorsal  surface  of  the 
body  by  a  small  orifice,  the  primitive  mouth,  and  which  is  surrounded  at  all  points, 
except  at  the  mouth,  by  a  wall  which  is  distinct  from  the  out^'r  wall  of  the  body. 
Around  the  primitive  month  these  two  layers  are  continuous  with  each  other. 

The  way  in  which  this  cavity,  with  its  wall  and  external  opening,  has  been  formed 
will  be  understood  by  a  comxmrison  of  plate  vii,  lig.  13,  with  plate  vii,  fig.  8.  The 
layer  which  is  below  in  plate  vii,  fig.  8,  has  been  jHished  upward  in  such  a  way  as  to 
convert  it  into  a  long  tube,  and  at  the  same  time  the  out<^r  layer  has  g^wn  downward 
and  inward  around  it,  and  has  thus  constricted  the  opening.  The  layer  of  cells  which 
is  below  in  plate  vii,  fig.  8,  thus  becomes  converted  into  the  walls  of  the  digestive 
tract,  and  the  space  which  is  outside  and  below  the  embryo,  in  plate  vii,  fig.  8,  becomes 
converted  into  an  inclosed  digestive  cavity,  which  opens  externally  by  the  primitive 
month. 

This  stage  of  development,  in  which  the  embryo  consists  of  two  layers,  an  inner 
layer  surrounding  a  cavity  which  opens  externally  by  a  mouth-like  opening,  and  an 
outer  layer  which  is  continuous  with  the  inner  around  the  margins  of  the  opening, 
is  of  very  frequent  occurrence,  and  it  has  been  found,  with  modifications,  in  the  most 
widely  separated  groups  of  animals,  such  as  the  starfish,  the  oyster,  and  the  frog; 
and  some  representatives  of  all  the  larger  groups  of  animals,  except  the  protozoa, 
appear  to  pass  during  their  development  through  a  form  which  may  be  regarded  as 
a  more  or  less  considerable  modification  of  that  presented  by  our  embryo  oyster. 
This  stage  of  development  is  known  as  the  gantrula  stage. 

The  edges  of  the  primitive  mouth  of  the  oyster  continue  to  approach  each  other 
and  finally  meet  and  nnite,  thus  closing  up  the  opening,  as  shown  in  plate  vii,  fig.  16, 
and  leaving  the  digestive  tract  without  any  communication  with  the  outside  of  the 
body,  and  entirely  surrounded  by  the  outer  layer.  The  embryo  shown  in  plate  vii, 
figs.  12  and  16,  are  represented  with  the  dorsal  surface  below,  in  order  to  facilitate 
comparison  with  the  adult,  bnt  in  plate  vii,  fig.  17,  and  most  of  the  following  figures, 
the  dorsal  surface  is  uppermost,  for  more  ready  comparison  with  the  adult. 

In  other  lamellibrancbs,  and  doubtless  also  in  the  oyster,  the  shell 
begins  as  a  deposit  in  an  invagination  or  pocket  on  the  dorsal  side  of 
the  body.  In  its  manner  of  formation  this  shell-gland  resembles  the 
primitive  month  for  which  it  has  been  more  than  once  nn'staken  by 
investigators.  In  some  forms  the  shell  is  at  first  single,  bnt  in  the 
oyster  they  are  said  to  be  separated  from  each  other  from  the  beginning, 
uid  appear  independently.    Dr.  Brooks  says  further : 


ee,  the  embryos  cease  to  crowd  to  the  surface 
ofi  '  -boagh  they  eontinae  to  swim  actively  in 

lyaloM  *  *fiioe.    The  region 

%  oironlar  pro- 

«  at  a  much 

'  plate  VII, 
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flt[.17,  nnil  In  )i1bi«  VIi.fig.  18,  it  in  aeeri  insitrf«oe  view,  dnvn  inbetirven  tii*  sbrllii, 
•ad  wltli  tM  cilia  taWed  ilovm  and  at  rnat,  aa  thu;  aro  mwu  whan  ILe  lUU"  »jM*t 
llv*  upon  tli«  biittoiii. 

Tlio  two  HbniU  icrvw  rapidly,  nu'l  Nimn  bop«tiiui|iilt«  regnlai  Ui  imtliiii>.  m  sllomi  in 
plaUi  VII.  Dg.  IT,  and  idAtetnii.Ug.  1,  biilfor«i>tiivUuio  tL<<y  a^>lnn<'haIUlitt•r^tl>iUlU»• 
bod;,  wlik'U  i>rii|(iut»  fr«ai  bctwwm  Uieir  vdgtw  aruiiiid  thiir  wUok-  rlrv^umttirttnn, 
■][(i«pt  lliBt  bIuhk  a  aliurt  Krau,  tin-  uru«  of  Itie  iiiiigo  a|H>D  tli(>  dunwl  snrf»i-o,  wbitr 
UiB  twn  ntlrva  an;  in  rgiiliu'l. 

TIm  twu  •Iwll*  I  luitiniie  to  |^w  ut  lh«ir  Hlg:<<s.  and  nixm  Iwcoiui'  Im-ro  PuoHgh  to 
(Htv«r  np  luid  iinOsat  a  littio  beygiul  Ui«  iinrfiicf!  of  tlio  bod;,  on  shon-n  In  plate  vtit. 
Il|[.  I,UDdut  tliaiBiDutimo  muMiilarllboTitiuuJcD  tbeirat'f">"ui'^'^i>'l»r<-'"''a'TBdg™l 
Hint  they  onu  drim  tbn  cilt-a  nf  the  b«dy  itud  the  rrliun  in  lictwoea  the  edgM  of  the 
•lialli  III  lhi>  iiiauiHir  ulinwn  in  platn  vii,  Ag.  IH.  In  ihl*  way  tliutftrnfaoi-af  tbo  body 
wliiidi  llii«N  tbn  ohi'll  liKi'iiiiiM  oniiTorti'il  Into  the  two  li>li<ii>  of  lhi>  muntle,  aud 
butwM<u  Iheiii  a  iii»iit1i>  earlty  in  foniiod.  Into  wlilrb  tbii  vi>liini  can  bn  dranrii  when 
ttin  luiltuat  id  at  riwd  Whilri  t)iu«e  pIinu^w  bavH  btvii  goUtg  on  uv«r  the  oiitM'  anr- 
tncB  n(  thn  body  utber  iinpurt«ul  intonial  mix  lifi  cation  a  buvi  takioi  place.  We  IWt 
til'  ill|t«atlvD  inut  at  tli»  utitge  ihown  tu  plat*  vii.  tig,  16,  without  auy  MnnniiuiifA- 
tlnn  witb  tlm  Hxtorlar. 

Bmu  thnnuter  wall  of  thu  body  buconint  puHhl^d  iuward  to  form  tlie  tiu«  tiu>iit}i, 
*t  a  [uilnt  (plutti  vit,  dg.  IT)  which  iti  iipoti  thr  vautrul  HurfHre  and  alnioat  iIItofUj 
oppiMltn  ttia  iiiihit  wbflnt  the  ]irimitiv4  iiiuiitb  waa  niluated  iit  an  earlier  aioge.  The 
dlftiwtiTD  nuvit;  unw  bumuirw  greatly  oulargMl  and  oilia  lunktt  Lliidr  appe«nutM 
npnn  itii  wnllx,  tbn  luoiitb  bououitui  ruuuviited  witb  tlio  chanilnir  wbicb  in  thua  fomwd 
■nd  wblr.b  b(%o«tDin  Ilui  iluiuaub,  and  Hiinulo  partJclH  i>f  ftiod  luu  drawn  in  by  tha 
atlta  KaA  tma  naw  be  mtm  liutd«  tba  Mommeih,  wbtwa  tiu  Tifamtlon  of  tJia  irill*  k«qi 
tlinm  In  RniintBiit  motion,  tip  t«  thU  titna  the  animal  ba!>  d<irri1nped  without  grawiDi:, 
anil  at  thu  ■la>:o  Hbuwn  In  jilntjt  vn,  fig.  lii,  it  is  dcamdy  btrger  tban  th<i  iinfurtilizcd 
"KU.  but  it  iiiiw  licjriiiH  111  iuiivnsi"  in  si?<..     Tbc  stair?"  Hliown  in  plate  v[ii,  fijj.  1,  and 
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of  different  DhanwiteT,  the  onter  browoiab,  with  «  Mnble  prlsniktlo  atmoturo,  the 
Inner  dense  and  naoreons.  In  the  iRTva  there  la  no  such  dlstinotion,  and  the  whols 
■hell  coDtista  of  a  glaaa;  anliatanoB  devoid  of  any  deBnite  atructuTe. 

The  hiogB  line  anewera,  as  in  the  adult,  to  thu  doreal  aide  of  the  body.  On  the 
opposite  or  ventral  aide  the  widu  mouth  m  and  the  miuute  veut  v  Are  eeeii  at  do 
great  dietance  f^om  one  another.  Projecting  from  the  front  part  of  tbe  aperture  of 
the  abell  there  ia  a  sort  of  outgrowth  uf  the  intet^ament  of  what  wenaj  call  tbe  bock 
of  the  neck  into  a  large  oval  thick-rimmeil  disk  termed  tbe  vtlatH,  vl,  tbe  middle  of 
which  preaenta  a  more  or  lees  mark  eil  prom  in  eno«.  The  rim  of  the  diuk  la  Hoed  with 
long  vibratilo  cilU,  aod  it  U  the  lashing  of  theae  cilia  which  propelatheunimal,  and, 
In  the  abB(^n('e  of  gillx,  probably  dubservea  respiration.  The  fuDuel-ahaped  mouth 
has  DO  palps;  it  leads  into  a  wide  gullet,  and  this  ioto  a  capacious  atomach.  A 
sao-like  process  of  Ihr  stouiacli  uu  either  sido  ( the  left  one,  I,  only  ia  abown  Id  Hg.  2) 
reprenenlii  the  "liver."  Tbe  narrow  intestine  ianlreaily  partially  coileil  on  itoelf,  and 
this  ia  the  only  departure  fioiu  [icrfect  bilateral  aymmetry  In  the  whole  body  of  the 
animal.  The  alimentary  canal  is  lined  throughout  with  ciliated  cells,  mid  tbe  vibra- 
tion of  these  oilia  is  the  meoua  liy  which  tbe  uinnte  bodiea  which  serve  thelarvafor 
food  are  drawn  iuto  the  digestive  cavity. 

There  are  two  pairs  of  dulicate  longitudinal  maaclea,  r*  ri,  which  are  competent  to 
draw  baek  tbe  ciliated  velum  hilo  the  cavity  of  the  ahell,  when  the  animal  at  once 
•inks.  The  complete  closiint  of  thii  valves  iselTected,  aa  iutbiiBdult,hy  anaddnotor 
muscle,  am,  the  fibera  of  which  pass  from  one  valve  to  the  other.  But  it  ia  a  very 
eurioua  circumstance  that  this  adductor  muacle  is  not  thv  aamn  aa  that  which  exists 
In  tbe  adult.  It  lies,  in  fbct,  in  tbe  forepart  of  tlie  body  and  on  the  dorsal  aide  of 
the  alimentary  canal.  The  great  muscle  of  the  sdnlt,  fig.  3,  M,  on  the  other  hand, 
lie*  on  the  ventral  side  of  the  alimentary  canal  and  iu  the  liluder  part  of  the  body. 
And  as  the  maxcluB,  reapec lively,  lie  on  oppoaite  sides  of  the  alimentary  eanai,  that 
of  tlie  adult  cun  not  bo  that  of  the  lurva,  whicli  has  merely  shifted  its  jiosition ;  for 
in  order  to  get  from  one  Hide  of  tbe  alimentary  canal  to  the  othtT  It  must  needs  cut 
through  that  organ;  but  as  in  the  adult  uu  adductor  muscle  is  discoverable  in  tbe 
position  occupied  by  that  of  tbe  Urva  or  anywhere  on  the  doraal  side  of  the  aliment- 
ary canal,  while  on  the  •>ther  hand  there  is  no  trace  of  any  adductor  on  the  ventral 
side  in  the  larvu,  it  follows  that  tbe  dorsal  or  anterior  lulductor  of  tbe  lar^'A  must 
Taniah  in  tlm  course  of  development,  and  that »  new  ventral  or  posterior  adductor 
mnat  bo  developed  to  pUy  the  same  part  and  rcplacu  the  original  muacle  fnnctloDally, 
though  not  luorpholugically. 

When  tbe  i^ee  larva  of  the  oyster  settles  down  iuto  tbe  fixed  state,  the  left  lol>e  of 
the  mantle  a  tretcbe^  beyond  Its  valve,  and,  applying  itself  to  the  snrface  of  the  stone 
or  shell  to  which  the  valve  is  to  adhere,  secretes  shelly  matter,  which  serves  to  cement 
the  valve  to  its  support,  Aa  the  animal  grows  the  mantle  deposit*  new  layers  of 
■hell  over  its  whole  surface,  so  that  tbu  larval  shell  valves  beoome  separated  ftom 
tbe  mantle  by  the  uuw  layers  (plate  viii,  fig.  3.  S),  which  crop  out  beyond  their 
margins  and  acquire  tbe  characteristic  prtsuiatio  and  nacreous  structure.  The  sum. 
mite  of  the  outer  face.i  of  the  urabones  thus  correspond  with  the  places  of  the  larva) 
TolFea,  which  soon  cease  to  be  dlHceruible.  After  a  time  tbu  body  becomes  convex 
on  tbe  left  side  and  flat  on  tbe  right;  the  suocosaivelj-  ;iddednew  layers  of  shell  mold 
themaelTes  upon  it,  and  the  aniuat  aci|Uires  tbe  asymmetry  characteristic  of  the 
adult.' 

The  Uorny  convex  Kbellwl'  tlif  frj- (plate  viii,  fig.  3,  L)  may  be  seen,  for 
a  considerable  timeaft^^ttUkM^L  at  tlie  umbo  or  beak  of  tbe  develop- 
ing; atiell  of  tb«  bMh^^^^^^^^^HKL'  Tbeuuder  or  attached  valve  of 
the  latter  at  firrij^^^^^^^^^^^Hhttfeoe  to  VMdM^  ^^  become 
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attached,  beiiig  usually  flat,  but  iifterward»,  as  a  rale,  bvcooiiug  deep 
and  strongly  concave,  through  an  upgrowing  along  the  edges. 

FIXATION,    SET,    OR    SPATTING. 

At  the  time  of  fixation  the  fry  will,  under  proiter  ronditions,  attach 
itself  by  ita  left  valve  to  any  hard  or  firm  body  with  which  it  may  come 
in  contaet. 

The  first  eKseiitial  is  that  the  surftute  should  be  clean  and  that  it 
should  remain  bo  a  sufficient  length  of  time  to  enable  the  young  oyster 
to  firmly  establish  itself.  So  long  as  this  condition  obtnius,  the  nature 
of  the  material  seems  to  matter  but  little.  lu  most  bodies  of  water  the 
spat  fixcH  itself  at  all  levels  from  the  surfiw-e  to  the  bottom,  bat  in  cer- 
tain parts  of  the  coast  its  place  of  attachment  is  confined  to  the  eone 
between  high  and  low  wattT,  the  mid-tide  mark  being  the  place  of  max- 
imnm  fixation.  It  has  been  suggest-ed  that  this  was  due  to  the  density 
of  the  water  preventing  the  sinking  of  the  fry.  There  are  a  numba 
of  objections  to  this  theory,  but  no  better  one  has  been  offered,  and  it 
may  receive  provisional  acceptance. 

GEOWTH. 

At  the  time  of  its  attachment  the  oyster  fry  measures  about  one- 
eightieth  or  one-ninetieth  of  an  inch  in  diameter.    Tlie  valves  of  the 

shell  lire  stroiij^ly  convex  iiiul  synnnetriral.  and  are  compoi-ed  "f  ;i 
horny  material  qnite  different  from  the  finished  shell  of  the  adnlt. 

The  niiiiitle,  a  thin  Hap  of  ti.'^sue  whicli  eiive]oi>H  the  body  of  the 
oyster  on  each  side,  pnijecls  tVeely  from  between  the  lijis  of  the  valves 
and  is  tlie  orjian  which  secretes  tlie  sliell.  U|)iin  its  outer  surface  suc- 
cessive layers  of  hniny  iiiateriul  are  laid  down,  these  becoming  iinpreg- 
(iiiteil  with  raleareoHs  matter  arrauced  in  a  prismatic  manner,  and  thus 
forming  th{-  stony  wtiell  which  character! /.es  the  adult. 

The  mantle  increases  pari  pasxii  with  the  growth  of  the  soft  part-s  in 
general,  and  as  it  is  always  i-apalilenf  protrusion  a  little  beyond  the  lips 
of  the  valves,  it  fullnws  that  each  successivir  layer  of  shell  is  slightly 
larger  than  that  wliieli  preceded  it,  and  the  shell  increases  in  length 
and  breadth  as  well  as  in  thickness.  From  the  nature  of  its  growth, 
therefore,  the  yoiiiigest  >n-  newest  part  iif  the  shell  is  on  the  inner  face 
and  at  the  ed;;es,  Ihe  latter  always  being  sharp  and  thin  in  a  growing 
oyster.  The  shell  uf  the  yontig  nystcr  is  alway.s  thhi  and  delicate,  and 
is  {,'enerally  more  riniTiilcd  than  in  thr  ailult.  The  lower  valve  at  first 
adheres  closely  to  tlie  liuily  to  which  it  is  attached,  but  later  its  edge 
grows  free  and  the  valve,  as  a  whole,  beconies  deeper  and  more  capa- 
eiiMis  than  its  fellow.  The  smal!  larval  I'v  fry  shell  remains  visible  at 
the  beak  of  the  sjiat  shell  for  a  ennsideralde  time,  but  becomes  eroded 
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The  rate  of  growth  (plates  x,  xi,  xii,  xiii)  varies  with  locality  and 
conditions.  It  is  more  rapid  when  food  is  abundant  and  at  seasons 
when  the  oyster  is  feeding  most  vigorously,  these  conditions  being  filled 
most  thoroughly  in  summer  and  fall,  when  the  warm  water  increases 
the  vital  activities  of  both  oyster  and  food. 

In  South  Carolina  oysters  not  more  than  six  or  seven  months  old  were 
found  to  have  reached  a  length  of  2^  inches,  and  in  the  wiirm  sounds 
of  North  Can>lina  they  reach  a  length  of  1 J  inches  in  from  two  to  three 
months.  In  the  coves  and  creeks  of  Chesapeake  Bay  they  attain  about 
the  same  size  by  the  end  of  the  first  season's  active  growth,  and  by  the 
time  they  are  two  years  old  they  measure  from  2^  to  3f  inches  long  and 
from  2  to  3  inches  wide.  On  the  south  side  of  Long  Island  the  growth 
of  the  planted  oysters  is  much  more  rapid  than  in  Connecticut,  it  being 
stated  that  ^Hwo-year  plants"  set  out  in  spring  are  ready  for  use  in  the 
following  fall,  while  upon  the  Connecticut  shore  it  would  require  two  or 
three  years  to  make  the  same  growth.  On  the  south  aide  of  Long  Island 
oysters  1§  inches  long  in  May  have  increased  to  3  inches  by  November 
of  the  same  year. 

The  amount  of  lime  in  the  water  is  a  factor  in  determining  the 
character  of  the  shell,  and  oysters  growing  in  waters  deficient  in  that 
respect  have  thinner  shells  than  those  which  are  well  supplied,  and  are 
therefore  more  susceptible  to  the  attacks  of  the  drill. 

The  shape  of  the  oyster  to  a  certain  extent  determines  its  value  in 
the  market.  Single  oysters  of  regular  shape  with  deep  shells  and 
plump  bodies  will  bring  a  better  price  than  those  which  are  irregular 
and  clustered.  The  shape  depends  largely  upon  the  degree  of  crowding 
to  which  the  oyster  has  been  subject.  When  numerous  spat  become 
attached  to  a  single  piece  of  cultch,  such  as  an  oyster  shell,  there  is 
often  insufidcient  room  for  the  development  of  all.  Many  will  becrowded 
out  and  suflbcated,  while  the  survivors  will  be  distorted  through  the 
necessity'  of  conforming  to  the  irregular  spaces  between  the  valves  of 
their  fellows.  Sometimes  the  pressure  exerted  between  the  rapidly 
growing  shells  is  suflficient  to  break  ui)  the  more  fragile  forms  of  cultch, 
and  the  separated  oysters  then  usually  improve  somewhat  in  shape. 

The  crowding  of  oysters  reaches  its  climax  upon  the  "raccoon'' 
oyster  beds.  Raccoon  oysters  are  usually  found  in  h>calities  where  the 
bottom  is  soft  and  the  only  firm  place  which  ofters  itself  for  the  attach- 
ment of  the  spat  is  upon  the  shells  of  its  ancestors.  Temperature  and 
other  conditions  are  favorable,  growth  is  rapid,  tlie  young  oysters  are 
crowded  into  the  most  irregular  shapes,  the  shells  are  long,  thin,  and 
sharp-edged,  and  eventually  the  miu^s  of  young  is  so  dense  that  it 
crowds  out  and  smothers  the  preceding  generations  which  produced  it 
and  ofifered  means  for  its  attachment.  Oysters  crowded  in  this  excessive 
manner  are  poor-flavored  as  well  as  ill-shaped-  ^ 
corrected  if  they  be  broken  apart,  as  may  h 
elsewhere. 
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Tliu  foltowinK  p<i]ihW  rles<;rl|>tiuii  ul'  tlie  anutomyaf  the  oyster' 
extractvtl  from  tbe  writiufis  of  i'rofi»i8ors  Itrtrnkd  anil  Hyder: 

Tho  Koiicrul  stnirCnre  of  hii  u;atai'  uiuj  Im  rauglity  rn|irMeiitod  by  a  lotig,  ii»rrow 
mcmDrHDiliuu  l>onk,  with  tb»  Uaik  at  ono  at  tha  narTow  ends  InaUmd  of  iib«  of  tlia 
Ionic  (lOM.  'Ilia  uovviD  of  ituch  u  book  tvproip.iil  Uin  tv«  «h«ll>  iif  tb«  njNt«t,  uid  iIib 
bairb  M|tri<MiiU  tb«  hu>{;v,  or  tho  orna  wbura  the  two  v«lv««of  tbuahnllare  faalenwl 
tnf!*(bi*r  tiy  the  tiliign  lifiaiuout.  (rint«i,Ug.  1  t.)  TbwUyaiiieTit  UatislaotiG.  <Urk- 
bruwu  atructurp,  which  U  pliuiod  In  aiioli  a  relation  ti>  th«  valvM  u(  the  nliell  tlwt  it 
teuila  to  throw  their  Tree  ondii  a  llttin  apart.  In  order  tu  iiuilerstaiid  ila  manner  of 
working,  opoD  the  meinomniluin  iKKtk  and  T<lai«  b»IwMU  ila  Inveti.  cIuhk  to  the  back, 
a amall  piwo of  rulilicr  to  rojimwDt  tho  llgamaut.  If  fbc  fnw «Dda  of  tbi-  wver  ■!« 
piiTled  tUKsIhttr  tlio  rnblwr  will  Im  iMitnprnMeil  iLud  will  throw  the  i<ov«r8  mjtMt  m 
■  they  are  IikmdiumI-  TIiv  li)[itmi.itit  of  the  oyster  nhell  t«odi>.  bj  Ita  elMtlcity, 
P  thn  nhitU  »p«n  at  all  tliupn,  auil  wbile  the  uystrr  la  lying  undiaturbed  npoD 
tho  iMittom,  or  when  Hh  uiumIo  Ik  oiit,  or  wboti  the  auunal  is  d,viiig  or  dead,  the 
•dgoa  of  tbe  tbell  iir«  *i<parHl«il  a  little. 

Till)  shall  i>  liued  by  a  tbin  luambraue,  tbe  mantle  [plat«  i,  flg,  I,  ml),  which  foliU 
down  uo  Bach  aide,  and  rib;  be  ooiopuml  to  tho  leaf  next  tbe  oovcr  on  each  aide  of 
the  buuk.  The  next  two  luuvua  of  ciu'h  sidi?  ronghly  ropreseut  the  four  gills,  g,  tbi 
■o-oolled  "  board"  of  tbe  ufntor,  whioli  biuig  down  like  leaves  iutii  ttie  Bpat-e  inside 
tbe  two  loUm  of  tile  miintlo,  Tbe  renialnlng  leaves  uiii\  be  oouipared  to  (hv^  body  or 
witctrat  nos*  of  tbe  o^atet. 

Althoogh  tha  nyatcr  11m  ntMa  tha  bottom,  with  one  shell  above  aod  one  below,  the 
•hell"  lire  not  npon  tho  tup  and  liottoni  of  the  body,  but  U|"in  tlia  rinht  and  left 
aides.    Tbe  two  shells  are  syiuuietm-al  iu  the  young  oyster  {plate  viti,  flg.  2),  bntal 


t  ho< 


ittur'bnl   Ihi'  liiwrT 


r.-p!i 


t  f^iBt«r  than  tb«  other  and 
■  ntm:iiiis  Hourly  iLit,  In  neariy 
!•  thi-  hini;e  marks  tbe  inli>riir 
with  th.'  bint.'e  iiway  from  iLe 
.  [ikireil  with  Its  .lo.'a:il  surfa.T 
il  -.iw-iy  frojn  tlie  oba.Tver,  iiiid 
ia.'s  :i<  bis  rif;ht  anil  loft  humls, 


Ass> 


klDj! 


si'le.  ,W. 


]n:iy  be  rained  up  aud 
bndy.  The  snrfa.'P  of 
4  :itta<'bi'<l  to  the  boity 
■-.iinil  iifiirlytbewholi' 
I.olr  riifht  hiklf  ii»sy 
jiiirallel  i>latas  whicii 
iti  ihi'  posterior  nearh 
,  Iint1lii-ir  dorsal  edges 
■.■.].!i..'al.ov<.,ordi>rs:il 
n  adductor  niii.-tlo,  If, 
Liioiv   how  the  muscle 
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by  the  body,  or  visceral  masSy  whioli  is  made  up  mainly  of  the  light-colored  repro- 
ductive organs  and  the  dark-colored  digestive  organs,  packed  together  in  one 
continuous  mass. 

If  the  oyster  has  been  opened  very  carefully,  a  transparent,  crescent-shaped  space 
will  be  seen  between  the  muscle  and  the  visceral  mass.  This  space  is  tho  pericar- 
dium, and  if  the  delicate  membrane  which  forms  its  sides  be  carefully  cut  away,  the 
heart,  re  and  au,  may  be  found  without  any  ditliculty  lying  in  this  cavity  and  pulsat- 
ing slowly.  If  the  oyster  has  been  opened  roughly,  or  if  it  has  been  out  of  water  for 
some  time,  the  rate  of  beating  may  be  as  low  as  one  a  minute,  or  even  li>ss,  so  tho  heart 
must  be  watched  attentively  for  some  time  in  order  to  see  one  of  the  contractions. 

In  front  of  the  gills,  that  is,  between  them  and  tho  hinge,  there  are  four  tleshy 
flaps — the  lips,  j>,  two  on  each  side  of  the  body.  They  are  much  like  the  gills  ill 
appearance,  and  they  are  connected  with  each  other  by  two  ridges,  which  run  across 
the  middle  of  the  body  close  to  the  anterior  end,  and  between  these  folds  is  the  large 
oval  mouth,  fit,  which  is  thus  seen  to  be  situated,  not  at  the  open  end  of  the  shell, 
bat  as  far  away  from  it  as  possible.  As  the  oyster  is  immovably  tixed  u])on  the 
bottom,  and  has  no  arms  or  other  structures  for  seizing  food  and  carrying  it  to  the 
mouth,  the  question  how  it  obtains  its  food  at  once  suggests  itself.  If  a  fragment  of 
one  of  the  giiis  is  examined  with  a  microscope  it  will  he  found  to  be  covered  with  very 
small  hairs,  or  cilia,  arranged  in  rows,  plate  viii,  Hg.  3,  c.  Each  of  these  cilia  is 
constantly  swmgmg  back  and  forth  with  a  motion  something  like  that  of  an  oar  in 
rowing.  The  motion  is  quick  and  strong  in  one  direction  and  slower  in  the  other. 
As  all  the  cilia  of  a  row  swing  together  they  act  like  a  line  of  oars,  only  they  are 
fastened  to  the  gill,  and  as  this  is  immovable  they  do  not  move  forward  through  the 
water,  but  produce  a  current  of  water  in  the  opposite  dire(;tion.  This  action  is  not 
directed  by  the  animal,  for  it  can  be  observed  for  hours  in  a  fragment  cut  out  of 
the  gill,  and  if  such  a  fragment  be  supplied  with  fresh  sea  water  the  motion  will 
continue  until  it  begins  to  decay.  While  the  oyster  lies  undisturbed  on  the  bottom, 
with  its  muscle  relaxed  and  its  shell  open,  the  sea  water  is  drawn  on  to  tho  gills  by 
the  action  of  tho  cilia,  for  although  each  cilium  is  too  small  to  be  seen  without  a 
microscope,  they  cover  the  gills  in  such  great  numbers  that  their  united  action  pro- 
duces quite  a  vigorous  stream  of  water,  which  is  drawn  through  the  shell  and  is  then 
forced  through  very  small  openings  on  the  surfaces  of  the  gills  into  the  water  tubes 
inside  the  gills,  and  through  these  tubes  into  the  cavity  above  them,  and  so  out  of 
the  shell  again.  As  the  stream  of  water  passes  through  the  gills  the  blood  is  aerated 
by  contact  with  it. 

The  food  of  the  oyster  consists  entirely  of  minute  animal  and  vegetable  organisms 
and  small  particles  of  organized  matter.  Ordinary  sea  water  contains  an  abundance 
of  this  sort  of  food,  which  is  drawn  into  the  gills  with  the  water,  but  as  the  water 
strains  through  the  pores  into  the  water  tubes  the  food  i)articles  are  caught  on  the 
surface  of  the  gills  by  a  layer  of  adhesive  slime,  which  covers  all  the  soft  parts  ol 
the  body.  As  soon  as  they  are  entangled  the  cilia  strike  against  them  in  such  a  way 
as  to  roll  or  slide  them  along  the  gills  toward  the  mouth.  When  they  reach  the 
anterior  ends  of  the  gills  they  are  i)ushed  oil'  and  fall  between  the  li|)s,  and  these 
again  are  covered  with  cilia,  which  carry  the  particles  forward  until  they  slide 
into  the  mouth,  which  is  always  wide  oi>en  and  ciliated,  so  as  to  draw  the  food 
through  the  O'sophagus  into  the  stomach.  Whenever  the  shell  is  open  these  cilia 
are  in  action,  and  as  long  as  the  oyster  is  breathing  a  current  of  food  is  sliding  into 
its  mouth. 

The  cilia  and  particles  of  food  are  too  small  to  be  seen  without  a  microscope,  but 
if  finely  powdered  carmine  be  sjirinkled  over  the  gills  of  a  fresh  oyster,  which  has 
been  carefully  opened  and  placed  in  a  shallow  dish  of  sea  water,  careful  observation 
will  show  that  as  soon  as  the  colored  ])articles  tou(th  the  gills  they  begin  to 
along  with  amotion  which  is  quite  uniform,  but  not  much  faster  than  thai^ 
miuute-hand  of  a  watch.    This  slow,  steady,  gliding  motion,  without  mj 
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eauiM,  in  a  Tery  Btriliiiig  ^glit.  nud  wilh  ft  little  OAte  ItiK  putielM  uia^  be  followed 


np 


1  tUe  oiontb. 


In  nnler  to  trooo  tliri  ronree  or  tiie  digestive  i>rf;uiK,  the  TlnMr&l  hums  ttuty  lie  split 
witb  n  sharp  knifb  nr  rar^r.  If  the  split  is  pretty  uear  the  middle  of  the  bcniy  each 
ItBlf  wilt  shew  HKetiiiDH  of  the  abort,  folded  lesophagus,  mnDing  epwaril  ft'om  the 
ni'>iith.  »tid  the  lrr«);iilftr  stnmaob,  i-nt  1,  t,  trilb  thick,  eeiei-tranfiparenl  walla,  xur- 
Tuiiiiiled  liy  the  votupHEl,  ilBTk-^FeoiBh  lirer,  1 1.  Buck  of  the  tiTcr  and  stomacb  the 
olulod  Intestine,  (.  will  be  seen,  cut  irregularly  at  several  points  by  the  eeetittn, 
I'm  ftre  nn  accessor;  organs  of  reprodnetion,  unil  the  punitiDn.  furin.  nud  intnerHl 
«p[iei)r»noe  of  thi'  reprodactiveorgBn.pUlei.DK.  3,  isthcBanieinbathsexes.  As  the 
reprodnoiive  organ  lia«  an  opening  on  each  side  of  tbo  liodj-,  it  is  naniUty  spoken  of 
as  ilonhle,  but  in  the  iidult  oyster  it  forius  uue  coiilinuoes  niaes.  nlth  no  trnco  nf  n 
dfvlsinn  into  halves,  and  extentle  eDtiri-ly  ncruss  the  body  and  lagainst)  the  Uemls 
anii  folds  of  the  digestive  tract.  * 
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intestiiiei  where  there  is  a  marked  oonstriotion  of  the  alimentary  oanal.  It  appears, 
therefore,  to  be  a  sort  of  loose  valve  in  the  cavity  of  the  gut;  its  function  may  be  to 
prevent  coarse  particles  of  food  fVom  passing  or  it  may  in  some  way  assist  digestion. 
In  specimens  hardened  in  acid  or  alcohol  this  rod  is  destroyed,  or  at  least  disappears, 
so  that  I  have  been  unable  to  find  it.  The  greater  xK>rtion  of  its  substance  is  appar- 
ently made  up  of  water. 

The  peculiar  double  indnplioation  of  the  wall  of  the  intestine  is  described  in 
another  place.  The  fecal  matters  are  extruded  in  the  form  of  a  demi-cylinder,  with 
one  side  excavated  in  a  groove-like  manner.  This  shape  of  the  fecal  matters  is  due 
to  the  presence  of  the  double  fold.  The  feces  themselves  are  composed  of  extremely 
fine  partioles  of  quartz  or  sand  grains,  the  tests  of  diatoms,  organic  matters,  hnmns, 
oellnlose,  fragments  of  the  chitinous  coverings  of  some  of  the  minute  worms  and 
articulates,  etc.,  which  have  been  swallowed  and  digested  by  the  animal.  The  anus,  r, 
is  situated  on  the  dorsal  side  of  the  great  adductor  mnscle  where  the  intestine  ends. 

The  organs  of  sensation  of  the  oyster,  though  not  very  highly  developed,  are  of 
sufficient  importance  to  merit  attention.  The  auditory  sense,  although  I  have  never 
been  able  to  dissect  out  the  auditory  vesicles,  I  am  satisiied  exists,  because  one  can 
not  noisily  approach  an  oyster  bank  where  the  oysters  are  feeding  without  their 
hearing  so  that  instantly  every  shell  is  closed.  The  tentacles  of  the  mantle  are  often 
extended  ontil  their  tips  reach  beyond  the  edges  of  the  valves.  If  the  animal  in 
this  oondition  is  exposed  to  a  strong  light  the  shadow  of  the  hand  passing  over  it  is 
a  saffioient  stimulus  to  cause  it  to  retract  the  mantle  and  tentacles  and  to  close  its 
parted  valves.  The  mantle  incloses,  like  a  curtain,  the  internal  organs  of  the  crea- 
tore  on  either  side,  and  lies  next  the  shell,  and,  as  already  stated,  secretes  and 
deposits  the  layers  of  calcic  carbonate  composing  the  latter.  The  tree  edges  of  the 
mantle,  which  are  purplish,  are  garnished  with  small,  highly  sensitive  tentacles  of 
the  same  color.  These  tentacles  are  ciliated  and  serve  as  organs  of  touch,  and  also 
appear  to  be  to  some  extent  sensitive  to  light. 

The  nervous  system  of  the  oyster  is  very  simple,  and,  as  elsewhere  stated,  is  to 
some  extent  degenerate  in  character.  It  is  composed  of  a  pair  of  ganglia  or  knots  of 
nervous  matter,  plate  i,  fig.  1,  ag,  which  lie  just  over  the  gullet,  and  from  these  a  pair 
of  nervous  cords,  d,  pass  backward,  one  on  each  side,  to  join  the  hinder  pair  which  lie 
Jnst  beneath  the  adductor  muscle,  p  g.  The  mantle  receives  nerve  branches  from  the 
hindmost  ganglia  or  knots  of  nervous  matter;  these,  as  their  centers,  control  the 
oontraction  and  elongation  of  the  radiating  bundle  of  muscular  fibers,  as  well  as 
those  which  lie  lengthwise  along  the  margin ;  the  former  contract  and  withdraw  the 
edges  of  the  mantle  from  the  margin  of  the  shell,  while  the  latter  in  contracting 
tend  to  crimp  or  fold  its  edges.  The  tentacles  are  mainly  innervated  by  fibers 
emanating  from  the  hindmost  ganglia,  while  the  internal  organs  are  innervated  from 
the  head  or  cephalic  ganglia.  The  hind  ganglia  also  preside  over  the  contractions 
of  the  great  adductor  muscle.  The  nerve  threads  which  radiate  outward  from  it  to 
the  tentacles  dispatch  the  warnings  when  intruders  are  at  hand  that  it  must  contract 
and  close  the  shells.* 


*  Ryder,  John  A. ;  Fishery  Industries  of  the  United  States,  pp.  714-715. 
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PHYSICAL  AND  BIOLOGICAL  CONDITIONS  ON  OYSTER-BEDS. 
TBMPEEATUKE    OP  WATBB. 

The  oyster  lives  in  waters  of  widely  varying  hJiiiperatare,  botU  as  to 
tfae  nvorage  for  tlie  year  aud  tlie  extremes  met  with  at  different 
seasons.  Perhaps  the  greatest  divergence  between  the  extremes  is 
ill  Che»ape»ke  Bay.  where  the  range  is  from  the  freezing- point  of 
ItmckiNh  water,  something  below  32^,  to  90^  F.  lu  New  Jersey  and  in 
Chesapeake  Bay  the  shallow-water  oysters,  which  are  exposed  or 
nearly  exiMised  at  low  water,  are  frc(|uently  frozen,  au  event  which  is 
not  neecssarily  fatal  if  they  are  gradually  thawed.  Yoiiug  oysters 
in  ithallow  water  are  soniutimes  "winter-killed,"  or  their  vitality  in 
Heriously  reduced,  by  eximsure  to  exceptionally  low  temperatures.  The 
remedy,  or  rather  preventive,  in  t«»  remove  to  deeper  water  in  the  fall, 
and  seed  oysters  on  natural  spatting-grounds  may  often  be  saved  by 
this  means. 

la  deeper  water,  snch  as  is  found  on  the  oflfsliore  beds  of  Long  Island 
Sound,  tbey  are  not  snbject  lo  Bueh  severe  trials,  but  are  nevertheless 
called  upon  to  withstand,  during  several  months,  a  temperature  not  far 
from  32^F.  In  the  Long  Island  oyster  region  the  snntmer  tcmiwratiire 
of  the  water  reaches  75°  F.,  and  from  May  1  to  November  1  probably 
never  fulls  below  (>0°  P.  On  the  South  Carolina  oyster  beds  the  teni 
peratnre  appears  to  rarely  fall  below  55°  F.,  but,  on  the  other  'band, 
the  exposed  banks  of  thiit  resrion  are  subjected  to  the  direct  rays  of  the 
sun  and  tlicroline  "ithstunil  ;i  tcrniiciiiture  considerably  higher  th;in 
tliat  towliicli  Hiiljiiierjrcd  oystvis  arc  liable. 

Tlic  tein]H-raliirc  has  an  iiii;iiirtant  hciuiiis:  upon  the  foi>d  supply. 
Wh.'ii  Ihc  watci' is  warm  thcr,'  is  a  rajiid  nmltiplication  of  the  sniidl 
Ibniis  i[|ioii  wliirh  the  nysK'i  I'ceils,  ami  at  tlic  same  time  the  activities 
of  till' oyster  itself  ill.- iinickciicd.  Tlic  Iwo  f;icls  taken  together  resn It 
in  a  more  lapiii  growth  of  the  oyster  than  i.-j  likely  to  take  plave  in 
ciiklur  watpi's. 

It  is  often  said  that  '-plaTits  do  not  s]iawii."  and  there  appears  to  be 
some  truth  iu  the  statement  if  we  apply  it  to  a  jicriod  of  a  year  or  so 
aftei'  1  plan  ting,  an<l  rcfrr  to  cases  in  whiili  Ihc  (raiisjilaiiting  has  induced 
coTisidcialilc  iiioiliticatiim  in  tlic  cuiiilitioiis  uiidiT  which  the  oyster  is 
plai'cd.  This  facl  ismnloiibl  larjrcly  din-  tn  the  ('lian;;ps  in  temperature 
to  which  the  oyster  is  siilij.-rtj-d  when  traiis|jlante(l.     \>t.  Kyder  says: 

a  ilfl. Til. rail  nil  i.l  Ihf  ;;eiiri:il  iir  iii;iH.i.      1  lijiv  tiif.i  U-  IitMIi/.'  the  ei,'g8  of  iiiim 
fill]...!:  tlio.'f;-^  m  c-virv  law  a|i]ii;m'ii  1"  In- ovfrri|ir.     Iiyslrr-  taken  friiiu  llic  bed 
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rapidly  in  waters  between  74°  and  80^  F.,  altbougb  the  mortality  is 
greater  than  at  a  slightly  lower  temperature.  Under  such  conditions 
the  embryos  reach  the  swimming  stage  in  from  3  to  10  hours,  a  fact 
which  is,  of  course,  advantageous  to  those  undertaking  artificial  propa- 
gation. When  the  temperature  falls  to  below  65^  F.,  development 
almost  ceases,  and  when  it  rises  above  80^  F,  but  few  of  the  embryos 
reach  the  swimming  stage.  Sudden  cliauges  are  usually  fatal,  and  cold 
rains  kill  great  numbers  of  the  swimming  fry. 

Dr.  Ryder  recommends  ''that  the  prevalent  temperature  of  the  water 
during  the  spawning  season  shall  range  from  6H  to  80°  F."  It  is  quite 
possible  that  in  other  regions,  with  oysters  native  thereto,  or  even  those 
which  have  been  acclimated  therein,  some  other  temperature  may  be 
found  more  favorable,  but  no  data  bearing  upon  the  matter  have  been 
published. 

TBMPERA.TURE;  PLANTED  BEDS  IN  SAN  FRANCISCO  BAY. 

The  temperature  at  San  Francisco  is  usually  not  much  higher  in 
summer  than  in  winter,  but  information  upon  the  subject  is  limited. 
Upon  the  oyster-beds  at  Millbrae  it  is  said  to  vary  from  58^  to  65°  F., 
but  at  the  extreme  southern  end  of  the  bay  it  ranges  from  67o  to  74°  F. 
In  October,  1890,  Mr.  0.  H.  Townsend  found  Gio  F.  at  Belmont;  at  San 
Mateo,  nearer  the  sea,  60^  F.,  and  at  California  city,  57^  F. 

In  midsummer  the  temperature  was  considerably  higher;  between 
July  12, 1891,  and  September  7,  1891,  it  ranged  from  67^  to  74©  F.,  the 
means  for  10  day  periods  during  the  same  time  being  between  GO.l^ 
and  72°  F.  As  Mr.  Townsend  poiuts  out,  there  is,  therefore,  a  con- 
siderable period  during  tbe  summer  when  the  temperature,  in  portions 
of  the  bay  at  least,  is  fiwonible  for  spawning  of  the  plant^ed  eastern 
oysters.  The  portions  of  the  bay  near  the  sea  appear  to  have  a  tem- 
perature several  degrees  cooler  than  in  the  southern  portions. 

DENSITY   OF   WATER. 

Oysters  are  found  living  in  water  ranging  in  salinity  from  1.002*  to 
1.025,  but  the  lower  densities  are  always  injurious,  and  prolonged 
exposure  to  their  intluence  is  fatal  to  oyster  life.  It  is  not  possible  to 
profitably  maintain  oyster-beds  in  waters  where  the  density  falls  below 
1.007  for  any  length  of  time,  the  oyster,  if  not  killed,  becoming  poor  in 
quality,  pale,  watery,  and  tasteless.  Heavy  freshets,  such  as  occur  in 
the  rivers  discharging  into  Chesapeake  Bay  and  at  various  places  on 
the  Gulf  coast,  frequently  so  lower  the  density  of  the  water  as  to  prac- 
tically exterminate  the  oysters  on  certain  beds.  Experience  apparently 
indicates  that  the  best  oysters  are  grown  in  densities  between  about 
1.011  and  1.022,  the  former  being  approximately  the  specific  " 
over  the  Tangier  Sound  beds,  the  latter  that  ov*' 
oyster-grounds  of  Long  Island  Sound. 


*A. 


*The  figures  represeDt  the  Bpecific  gravity  aa  meMOve 
of  pure  water  being  1.000. 
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Ohtin^e  of  density  has  an  important  effect  upon  the  spawning  of 
OyBt«r».  At  St.  Jen>inpOi-eek.  Dr.  Kyiier  fonnd  tbat  tbe  eggs  coold 
not  bo  inipr«guat^<d  in  a  density  miiuli  (ixcoie^iug  tliat  iu  which  the 
psrviit  animalH  live.  With  oystars  raised  in  water  ranging  from  1.007 
to  l.oyyfi  it  was  found  that  the  milt  was  killed  by  a  density  greater 
than  \M'-i,  the  individual  Bi)6raiatozoa  losing  their  mobility  in  a  few 
inonit<nt«  when  exposed  to  the  greater  density.  The  frequent  failure 
nf  oysters  to  spawn  iu  the  season  in  which  they  are  tran^tant«d  is 
perhaps  iu  a  measure  owing  to  this  cause.  Iu  Chesapeake  liay  they 
ATQ  usually  transplanted  from  deeper,  denser  water  to  more  shallow 
and  luss  dense,  and  when  taken  from  the  Chesapeake  to  Long  Island 
Sound  they  go  through  a  similar  e-tperieuce.  There  is  at  the  same 
time,  however,  usually  a  change  in  temperature,  and  doubtless  both 
Actors  combine  to  produce  the  eJI'ect  noticed. 

It  lias  been  suggested  by  Lieiitoiiuut  Piatt  that  the  density  of  the 
water  has  an  effect  on  the  distribution  of  the  set;  that  is,  the  specilic 
gravity  of  the  swimming  embryo  is  such  that  it  can  not  sink  in 
demie  water  and  therefori.^  must  become  attached  in  marginal  beds 
between  tide  marks,  as  is  seen  on  the  ^'raccoou"  oyst«r-bed6  of  South 
Oaroliua. 

In  aome  places  it  has  lieen  found  that  the  best  resalts  in  oyst«r- 
cnlturc  are  to  be  hud  in  brackish  water,  and  Dr.  Ryder  suggests  that 
this  may  l)e  largely  due  to  the  fact  that  water  nf  tlie  lower  densities 
is  usually  shallower,  and  consequently  warmer  and  better  adapted  to 
the  ]irridnctiou  i\[  iin  abiiiidiiiit  supply  (if  the  minute  organisms  which 
ronslihite  the  iJiincipal  source  of  llio  nystci's  fimd.  There  can  l>e  no 
dimbt,  however,  tli;it  tlie  e;isterri  .ly-iter  is  distinctively  a  brjvckish- 
wjiter  form.  It  lias  been  f.iiinil  tliat  il  will  ni.l  thriveiu  French  waters 
jjcrleclly  adapted  t<j  llic  cultaie  nf  llie  iuiiopcaii  .species,  and  there  is 
re;isiiii  ti)  helievc  (liat  it  will  repiotinee  itsell'in  a  lower  density  than  is 
necesNiuy  (nr  the  native  oyster  of  ('allr..rnia. 

For  detciniiiMn;;  llie  lem]ifnitare  and  t!ie  di'usity  of  sea  waters  the 
apparatus  sliown  in  jilate  i[  is  used.  It  consists  i.f  a  glass  tloat  with  a 
long  sleai  and  a  huge  bull),  weiglitc.l  so  as  t.i  sink  in  fresli  water  to  a 
point  niMr  the  lop  of  the  stern,  'f  lie  stem  is  graduated  to  read  between 
l.dinianil  1.0:il,  the  ligures  representing  the  sp.'citic  ;;ravity;  that  is, 
they  show  the  wei-ht  .if  tlio  salt  water,  an  ei|ual  body  of  fresh  water 
being  supptised  t<i  weigh  1.<kk), 

In  practice  a  scale  having  tlio  entire  range  would  be  too  long  for 
safety  and  Cdnveiiience,  and  lliercfure  the  salinumetiTS  are  made  in 
scis  of  thr.-c,  reading  IVi.ni  l.tHK)  to  1.011,  from  1.010  to  l.Olil,  and  from 
l.O-ll  to  l.li;!l,  respectively. 

There  is  also  jirovtded  with  them  a  deep  coi>per  cup  or  cylinder, 


Tha  b«le  onMSile  Ilii'  xii-in  uf  tlj>'  suJImni 
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which  will  be  the  reading  of  the  scale  nearest  the  point  where  the  sur- 
face of  the  water  touches  the  stem.  For  purposes  of  oyster-culture  the 
liner  graduations  may  be  neglected.  To  show  the  specific  gravity,  the 
number  "1.0"  should  always  be  placed  in  front  of  the  scale  reacling; 
for  example,  if  the  surface  of  the  water  should  stand  opposite  the  scale 
reading  "15,"  the  density  would  be  1.016.  The  test  should  be  made 
immediately  after  the  water  specimen  has  been  collected  and  a  reading 
of  the  thermometer  should  be  taken  at  the  same  time. 

For  practical  i)urposes  on  the  oyster-beds,  a  bottle  or  jar  not  less  than 
10  inches  deep  may  be  used  instead  of  the  copper  cup,  and  any  ordinary 
thermometer  may  be  used  for  obtaining  the  temperature.  The  cheap, 
wooden-cased  instruments  known  as  "bath  thermometers"  serve  very 
well,  as  they  have  no  metal  parts  to  be  corroded  by  the  salt  water.  In 
most  oyster  regions  the  salinometer  reading  fnmi  1.020  to  1.031  will 
not  be  necessary,  as  the  density  on  the  oyster-beds  rarely  falls  within 
its  range. 

The  specimens  of  water  should  be  from  the  bottom,  or  near  it,  and 
may  l>e  conveniently  obtained  by  the  following  rough  method:  An 
empty  jug  or  large  bottle  weighted  and  corked  is  lowered  to  the  bottom 
by  means  of  a  line.  The  cork  is  then  pulled  out  by  jerking  on  a  cord 
previously  attached  to  it,  the  receptacle  fills  with  a  sam])le  of  water 
from  or  near  the  bottom,  and  if  hauled  rapidly  to  the  surface  it  answers 
the  practical  purposes  of  more  scientific  and  accurate  apparatus. 

SILT,  MUD,  AND   SUSPENDED   MATTKB. 

A  bottom  composed  of  soft  nuid,  into  which  the  young  oysters  would 
sink  and  become  stilled,  is  unfavorable  to  oyster- culture  or  to  the  de- 
velopment of  natural  beds.  If,  however,  hard  objects  are  distributed 
over  the  bottom  they  will  become  collectors  of  spat  so  long  as  the 
surface  remains  clean  and  free  from  slime  and  sediment,  and  the 
importance  of  having  water  containing  as  little  sedimentary  niatter 
as  possible  is  manifest  if  it  is  desired  to  produce  i)ermanent  beds  or 
catch  the  floating  fry. 

Oysters  will  grow  more  rapidly  on  muddy  bottoms,  or  in  their  vicinity, 
than  they  will  elsewhere,  as  such  situations  are   usually  more  pro- 
ductive of  food  materials.    This  food  is  in  the  form  of  suspen<le<l  or 
swimming  organic  particles,  and,  therefore,  filtered  water,  or  that  which 
is  devoid  of  suspended  matter  of  all  kinds,  lacks  one  of  the  essential 
re(|uirements  of  successful  oyster-culture.     The  most  desirable  water 
is  Ihat  which  contains  an  abundance  of  minute  living  particles  with  a 
minimum  of  suspended  inorganic  matter.    An  organic  slime,  however, 
Bucli  as  rapidly  forms  on  exposed  surfaces  in  some  localities,  is  as 
effectual  in  preventing  fixation  as  is  inorganic  sediment.    In  many 
places  in  Chesapeake  Bay  and  in  the  bays  on  the  New  Jersey  coast  th 
sediment,  as  well  as  the  bottom  mud,  is  largely  composed  of  the  fine 
commiuated  fragments  of  vegetable  niatter,  seaweeds,  etc.,  the  rap 
deposit  of  which  soon  covers  with  a  soft  film  the  surface  of  all  objjQa 
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exposed  to  it,  eicopt  when  tbo  curreiitB  nro  BQiflol«iit  to  exert  a  scouriDn 
ioflueooe. 

hnrjie  oyi«t«r«  nre  not  m  siiM-eptJble  tin  sinnll  ones  to  th«  eti'evtx  nf 
mild,  but  ovoii  lt>ose  fUll  (cruwii  iiiny  be  stilled  or  bitried  by  tbc  raiiid 
dejtosit  of  mud  or  KO(Iiiiieiit>  whetbt'i'  tbls  be  of  orgauic  or  ioor^jnic 
origin.  l'V«8)it>tH  hikI  licuvy  sea*  otltti  csumi  grval  damage  by  tlie 
amount  or  muti,  sand,  and  otliur  dcbria  which  Uiey  carry  upon  tlielxxls. 

The  ijufstion  of  the  physical  cbaradcrs  of  a  ouitable  boltoiu  fi.i 
Oyttter-ciiltiire  is  t-onsidored  in  another  connection. 


TIDKS  AKD   ( 


Tides  and  ciirrenia  are  imimrtaut  factnra  in  the  growth  nnd  rulMi 
of  the  riyRtwr.  Tliey  bring  alnrnt  the  aeration  of  the  water  nnd  o\Ha 
Cioii  of  itM  deiid  organic  Ini^'edients;  they  have  a  itcoiirine  itction  upus 
the  bottom  and  thereby  cloaiiite  tbe  eultch,  and  at  the  sauie  eiine  serre 
as  the  VfbicU's  for  the  tnmsiHtrtation  of  food,  of  the  genital  prodwetn, 
and  of  the  young.  Slai;nant  water  tondu  to  become  exhausted  of  Its 
oxygen;  it  in  heated  by  tbe  *ma,  and  tbe  containeil  orgauic  matter 
nndergoing  death  and  decom)ioBitiim  cauneN  tt  to  become  foul  und  fatal 
to  the  oystcTB  in  tbe  vicinity.  With  enrrPiilH,  however,  a  fresb  supply 
of  oxygen  fs  constantly  being  supplied  for  respiration  aud  fen-  tbe 
oombustiou  of  the  effete  matter,  which  is  tbtts  reiidered  harnilesa. 

Over  deii8oly-|M)piiliitcd  beds  tht'  fo">d  supply,  unless  unusually  pro- 
litic.  as  in  elairri,  would  in  time  become  exhausted.    The  oyster  can 
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fdlly  set.  Currents,  even  of  considerable  strength,  do  not  prevent  tlie 
settling  down  of  the  larval  oyster  and  its  fixation  upon  a  proper 
surface. 

In  the  preparation  of  this  surface  the  cHirrents  are  also  effective, 
inasmuch  as  by  their  scouriug  action  they  prevent  the  deposit  of  sedi- 
ment and  slime,  which  soon  render  collectors  unsuitable  for  the  fixation 
of  the  young  oyster.  Finally,  where  the  fry  are  uniformly  distributed 
in  a  body  of  water  a  collector  placed  in  a  current  will  collect  more  spat 
than  one  in  quiet  water,  because  a  great<?r  quantity  of  water  and  con- 
sequently a  larger  number  of  fry  will  be  brought  into  contact  with  it. 
Points  around  which  fry-charged  water  sweeps  with  suificient  velocity 
to  prevent  the  deposit  of  sediment  are  good  places  for  the  location  of 
collectors. 

Freshets,  for  several  reasons,  usually  have  a  bad  effect  upon  the 
oyster-beds.  When  the  volume  of,  fresh  water  is  large,  the  oysters 
sufier  from  the  decrease  in  the  density.  Large  (]uantitie8  of  mud  and 
sediment  are  brought  down  by  the  lioods  and  often  deposited  on  the 
beds,  covering  up  the  cultch  and  smotliering  tlte  young  spat,  and,  if 
the  amount  of  sedimentation  is  very  great,  even  injuring  or  killing 
the  adults. 

DEPTH   OF   WATER. 

The  vertical  range  of  the  cultivated  oyster  beds  is  from  the  shore 
line  to  a  depth  of  15  fathoms.  In  New  Jersey,  Chesapeake  Bay,  South 
Carolina,  and  other  ])laces,  there  are  beds  which  are  partially  exposed 
at  low  water,  while  in  Long  Island  Sound  successful  oyster- culture 
iscaiTied  on  in  depths  as  great  as  15  fatlioms,  the  average  over  planted 
grounds  in  tliat  region,  however,  being  from  5  to  6  fathoms.  In  most 
places,  however,  the  planting  is  chme  in  shallow  bays  and  coves. 

WEATHER    C^ONDITIONS — STORMS,  GALES,  AND   ICE. 

Gales  rarely  have  any  influence  ui)on  adult  oysters  in  deep  water, 
but  they  sometimes  seriously  affect  shallow-water  beds.  Heavy  surf 
occasionally  carries  away  the  oysters  and  throws  them  upon  the  beach, 
or  they  may  be  buried  in  fiitii  by  the  sand  and  seaweeds  which  the 
waves  lodge  upon  the  beds.  Sometimes,  after  the  lapse  of  a  short  time, 
the  beds  are  again  uncovered  by  the  eroding  effects  of  currents,  but  in 
nmny  cases  they  are  practically  <lestroyed,  both  old  and  young  being 
smothered  by  the  overlying  deposits. 

In  winter,  ice  often  grounds  upon  the  beds  during  gales  and  does 
considerable  damage.  The  oyster  ai)pears  also  to  be  temporarily 
affected  by  the  mere  freezing  of  the  waters,  and  it  is  said  that,  in  the 
Chesapeake,  oysters  on  the  deeper  beds  are  more  affected  than  those  in 
shoal  and  brackish  water,  becoming  dark,  slimy,  and  worthless  for  the 
market.  Ten  days  or  a  fortnight  must  elapse  after  the  disappearance 
of  the  ice  before  they  become  again  fit  for  use. 

The  fry  are  more  affected  by  tin*  weather  than  are  the  adults. 
Byder  found  that  in  the  swimming  stage  they  were  killed  by  thai 
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storoiH,  by  oold  ruins,  uitl  by  auddeii  full9  in  t^m|i«raturv,  uii<l  rhe 
prevftleuct^  or  nueb  wcathvj-  darui);  tbe  isiMtwuiug  sousou  must  have  an 
iiD|)urtaiit  effect  u|ioii  tlie  set  of  spat. 


Tlin  oyster  feeds  upon  both  animal  and  Testable  food,  the  partioleBdP 
wbkrb  Ar«  of  luicroHcopic  dmienBioiifl.    The  fryittitl  yoaugMpatcoDsoiM 
relatively  largo  qnaiititii-s  of  bacteria  aud  inooads,  among  the  iiiii^i 
uiuutn  urganiKins  known  to  niicrtMoopistA.    According  to  Dr.  Ryder: 

Vmij  of  tlip  food  b*lla  ftmnd  in  th«  Intestine  of  tbc  recootly  »tl*rlwil  Hpat  will 
v  nodar  m^gri  luob  m  diftoioivr.  Tho  cavity  of  ttui  httia  erastnrs'a  •touKft 
■  only  ((So  inch.  Yet  in  tliti  miiiiiln  dt|t«iitlve  oavilj  tlir  food  U  »cliiallr 
Ivuuil  rotMInx  In  tbn  fonii  of  miiiiitu  Toiiiiiloit  naA  nvaJ  IhkIIcm,  irhich  bk  bopl  1e 
niutlou  by  ttit  iMitlnii  of  tho  rllln  wllii'li  llup  lh«  NtoiiiHch.  Ttiat  tliem  bodies  aintt 
have  been  of  About  lh«  hixv  notril  wht'ii  tlisj'  wore  orlgiUBlljr  ■wdUowhI  nn>i  &«  aeru 
rntatiDg  in  tbo  atoiuach  i»  evideul  firuju  tlie  fuvt  tbat  tbo  jrantig  oyoWiH,  like  tbr 
•dnllii,  UB  wbutly  witbuiit  tcetb  at  trilniatiuK  orgvia  of  ui.v  kind. 

Tbi*  miotitu  kind  of  vegBtablu  nnd  auiiiial  rood  i>  fonnd  moro  or  I«ss  nliandaiit]; 
lu  all  »a  iTutrr.  and  !■  eapodnlly  abundant  during  tlip  BpaHning  muuhiu,  wbt>D  llie 
dvcnmiiutlttoD  and  dlalntogntloDorbll  hlndnnfmlniileorgankdobrt*  tloaliDgBbnnl 
in  the  yrattit  !•  In  rapid  proirr<wi,  owing  to  tha  pmvnl«nl  bl^h  teuiperatarv  of  tlw 
•Ir  and  irntn'.  It  la,  tbemfor*,  probabir  that  vary  hir  athtrxrutv  suliablp  locations 
•il>l  nliuv  It  I*  n»t  immlbla  to  flud  an  ikbnod«iic«  of  tbo  |>r<i|i«r  aort  of  food  for  tbe 
oy»t*r  during  tU  v«ry  ouliMt  alagea  of  growtb. 

Thn  food  of  tho  altRlitly  inon  ulTMir*!!  aiiAl  Uid  the  adnlta  ia  found  t«  oonalit  ol 
.linlnnm,  rlii/.olHHln,  IrifiiHurla  uf  nil  kinds,  itiniiixU,  ajxiri'S  of  al^w.  (lolleu  i:raii]> 
lilcMvn  I'rnni  trren  nnd  t>laiitH  mi  sliore,  tbelr  own  Inrreor  (^.v.aa  wellaa  tbatofmoDy 
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In  most  regions  which  have  been  investigated  the  plants  constitute 
by  fiEur  the  most  imjiortant  item  of  diet,  usually  over  90  per  cent  of  the 
food  contents  of  the  stomachs  being  composed  of  vegetable  matter. 
Of  this  diatoms  are  the  chief  constituents,  and  to  a  certain  extent  the 
food  value  of  any  given  oyster  region  may  be  measured  by  the  quantity 
of  these  minute  plants  which  it  is  capable  of  producing. 

Diatoms  are  numerous  both  in  species  and  individuals,  and  all  possess 
two  interesting  peculiarities :  They  are  incased  in  a  siliceous  or  flinty 
box  and  they  possess  the  power  of  locomotion,  the  first  permittiug  their 
ready  identification  in  the  stomach  contents  and  the  second  aiding  in 
their  distribution.  More  or  less  regular  diurnal  migrations  of  swarms 
to  and  from  the  surface  of  the  water  take  place  with  the  variations  in 
the  light.  During  sunlight  they  rise  from  the  bottom,  and  are  then 
readily  transjiorted  by  the  currents,  again  settling  down  as  darkness 
comes  on.  They  feed  and  grow  in  size  most  actively  during  the  day,  but 
multiply  in  number  principally  at  night.  Diatoms  are  important,  not 
only  in  fattening  the  oyster,  but  they  also  have  a  profound  influence 
upon  its  flavor  and  color. 

The  oyster  is  said  to  feed  mainly  during  flood  tide,  opening  its  shell 
at  that  time  to  admit  the  influx  of  water  with  its  contained  organisms. 
Investigation  by  Dr.  Bashford  Dean  showed  that  the  stomachs  were 
practically  foodless  in  the  morning,  contained  most  food  at  midday, 
and  a  somewhat  reduced  quantity  at  evening,  thus  suggesting  that 
feeding  was  most  active  during  intense  daylight. 

Dr.  Dean  remarks: 

This  suggestion,  as  to  the  feeding  habits  of  the  oyster,  is  not  a  sarprising  one 
when  we  remember  that  it  is  daring  the  strongest  sunlight  that  diatoms,  as  plants 
keenly  sensitive  to  the  sun,  are  most  active  and  are  known  to  migrate  in  floating 
elouds  from  the  bottom  of  the  surface. 

As  is  mentioned  in  the  section  relating  to  the  anatomy  of  the  oyster, 
the  water  drawn  into  the  mantle  cavity  by  the  action  of  the  cilia  is 
Altered  through  the  rectangular  openings  in  the  gills  into  a  chamber  or 
tube  lying  above  each  gill,  whence  it  passes  backward  and  out  of  the 
shell  in  a  current  dorsal  to  the  entering  stream.  The  particles  of  food 
in  the  inflowing  stream  become  entrapped  in  a  sticky  mucus  covering 
the  gills,  and,  together  with  this  mucus,  in  part,  are  carried  in  a  steady 
stream  toward  the  mouth,  the  motion  being  imparted  to  the  mass  by 
the  rhythmic  action  of  the  cilia.  The  palps  and  mouth  are  also 
ciliated,  which  insures  the  continuance  of  this  current  into  the  stomach, 
where  the  food  particles  undergo  digestion.  A  very  considerable  pro- 
I>ortion  of  inert  matter,  sand,  mud,  etc.,  of  no  nutrient  value  passes  into 
the  alimentary  tract  along  with  the  food,  the  oyster  having  no  means 
of  making  selection.  ' 

The  temi>erature,  depth,  and  density  of  the  water  have  conaidei^' 
effect  ni)on  the  food  supply.     In  clear,  warm  weather  ihff 
food  matter  is  increased  by  the  natural  multiplicatkm  < 
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orRaoic  bodtM  which  Unci  such  luinilhious  favorable,  bat  at  the  same 
tiiuti  iniiiiy  nf  thuae  urK^iiisiiiH,  pnrl icnlarly  the  iluitoms  »ad  zi>t>A[Mir«i, 
are  attracted  U>  the  surface  by  Iht;  Huulight  nud  nri-  thus  pluc-O*!  iM-yonil 
TViac.h  of  the  oyster.  In  rainy  or  xtttrmy  wo-tttitT,  however,  they  are 
driven  down  t^iward  the  Imttotn,  where  they  may  bo  brought  irith'n  the 
iuHuent'e  of  the  dUa,  and  at  the  name  tiiii(>  thvre  is  an  increaiu-  in  the 
amoHiit  iif  other  organic  it«liineut,  much  of  which  in  avaihible  as  fooiL 

Shallow  wat«r,  im  n  rule.  tirotliKWH  more  food  than  the  greater 
depths,  owing  litrg«ly  to  the  fact  tliaC  it  warms  more  ijuickly  and  tbrts 
iocreMutB  lht>  viuililr  of  both  the  oyster  and  \t»  tnnd.  The  latter  Hhovs 
ita  greater  vigor  by  n  more  rapid  multiplication,  and  the  former  by  it^ 
greater  consumption  of  the  food  which  is  thus  provide*)  for  It.  lu  other 
wordn,  the  chemicuil  and  physiological  changes  ntsultiog  in  the  ooD^Tr- 
nlon  of  inorganic  matter  into  oyster  tissue  through  the  medtnni  of  plant 
life  (JO  on  more  rapiilly  in  the  presence  of  warmth.  It  must  also  be 
reinenilMred  Ibnt  the  shallow  waters  are  generally  of  a  lower  density 
thun  the  deeper  oneti,  and  this  apiiroa<!li  to  bracklshness  appears  to  be 
also  favorable  to  the  prodnotion  of  liux). 

Summer  and  fall,  the  tteasons  of  most  vigorous  growth  of  at^natic 
vugetutioa,  are  in  most  liwallties  likewise  the  be^t  seasons  for  the 
growth  of  the  oyster,  while  in  winter  the  food  supply  i6  at  a  minimnm, 
tbe  vital  activities  of  the  oyster  are  mnch  reduced,  the  ciliary  action  m 
wpiik.  and  the  oystrr  in  a  state  of  semihibcnmtiou,  both  the  waste  and 
repair  of  tissue  being  reduced  to  a  minimum. 

Tluit  the  oyster  in  in;uiy  iihiccs  ic;ii'lii-s  its  greatest  fatness  and  i>er- 
l'i-<'Iii>ti  l;iri'  ill  l:ill  is  line  |i:ii'lly  tn  till-  i|iiaiiti1yi>f  foo<l  prixlueed  duniiR 
Hi.-  suinni.-i-  ami  |Milly  In  (In-  le^iitiiin  of  tlie  driiin  wliieb  tlie  act  of 
siiawniii^'  i-ul;i]l.s.  Slinrlly  in-liire  :iiiil  iliiriiifi  the  spawning  season 
nii>st  III'  til.'  iiiitri.'iit  iiialhT  in  :lit-  t'nml  is  iitili/e<l  in  the  rapid  growtli 
of  thi'  si-xiiiil  |ii(iiliLils.  hill  ultn  ilii'  ress;ilLi)ii  of  spawning  it  IS  cim- 
veited  iiil.i  ,Mii)iliis  |,ini,.|il;i>i(iii'  iiialter.  wliich  is  stored  up  in  tbe 
tissues  ami  tlieiHiy  [.■n.i.Ts  rlii- ..vsti-r  l;il  ;Lnd  well  flavored. 


ed  iipiiii  by  more  or  less 
nil  niiiinal  inclosed  in  a 

a  complete  encaaenieni, 
it  no  nrganism  has  ever 

iir^Mnisni  lias  not  found 
eil  tliat  the  oyster  la  not 
:iilr  Niid  marketable  con- 

llic  iiiiiinle  and  delicate 

ninl  by  other  moUusca. 
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nranbaden,  the  alewife,  and  otber  fish  equipped  with  delicate  aifUag 
devices  at  times  find  the  oyster  fty  of  some  importaace  in  their  dietary. 

After  the  attachment  of  the  spat  other  eDemies,  avtive  and  passive, 
wage  war  upon  it.  The  passive  euemies  affect  its  welfare  by  consam- 
ing  its  food  or  by  sniotliering  it  beneath  their  own  more  active  growth. 
Of  the  former  class,  iiiusaels,  liugulas,  etc.,  are  examples,  bat  as  the 
food  upon  an  oyster-bed  is  usually  sufficient  for  all,  this  is  Dot  a  very 
important  consideration,  particularly  as  in  the  end  an  equilibrium  is 
established  throush  the  intimate  reciprocity  which  exists  between  the 
various  forms  of  life. 

The  conditions  of  life  ui>on  an  oyster-bed  are  favorable  to  the  rapid 
growth  of  dense  sponges,  mussels,  barnacles,  hydroids,  and  tube-build- 
ing worms,  which  establish  themselves  upon  the  young  growth,  often 
increase  more  rapidly  than  their  hosts,  and,  in  many  cases,  overgrow 
them  to  ancli  an  extent  as  U)  cut  off  the  supply  of  food  and  oxygen. 
(Plate  XVII).  Aquatic  vegetation  sometimes  has  the  same  effect  when 
its  growth  becomes  extensive.  Certain  worms,  such  as  Serpula,  and 
especially  Snbdlttria  (plate  xv,  fig.  3),  ofton  build  their  tubes  of  lime  or 
sand  so  rapidly  as  to  produce  dense  accumulations  upon  the  surface 
of  the  shells,  thus  forming  a  nidus  for  the  collection  of  sand  and  mud. 
Considerable  loss  has  at  times  resulted  from  the  suffocation  of  oysters 
by  sponges,  worm  tubes,  and  vegetable  gron-ths,  but  most  of  these 
passive  forms  have  a  compensatory  use  in  the  food  which  their  siiores, 
eggs,  and  young  funiisli  to  the  oysters. 

The  active  enemies  of  the  ailult  oyster  are  those  which  injnre  it  by 
direct  attacks,  such  enemies  being  found  in  most  of  the  classes  of 
zoological  life  having  aquatic  representatives. 

Fishes  of  several  kinds  are  found  habitually  on  the  oyster-beds. 
Most  of  these  offer  no  direct  injury  and  they  may  even  benefit  the 
oyster  by  keeping  down  the  crowding  masses  of  hydroids  and  vegetable 
life,  but  a  few  species,  of  which  the  drumfish  is  apparently  the  most 
destructive  upon  the  Atlantic  coast,  consume  considerable  quantities 
of  oysters  as  food.  At  timi-s  much  damage  has  thus  been  wrought  to 
the  be<ls  in  the  vicinity  of  New  York  and  along  the  New  Jersey  coast. 
In  San  Francisco  Bay  tlie  stingray  is  the  most  feared  enemy  of  the 
oyster,  and  schools  of  them  rre<iucnt4y  "clean  out"  the  beds  to  which 
they  gain  acces-s,  their  teeth  being  such  that  the  shells  are  crushed  into 
fragments  in  their  gi-asp.  Some  of  the  skates  and  rays  on  the  eastern 
coast  no  doubt  have  similar  habits,  but  they  do  not  appear  in  sufficient 
nambers  to  cause  much  harm. 

The  drUto  axe  the  moat  degtmetiTe  enemies  of  the  oysters  in  the 
<0L)  must  of  tlie  more 

S, perhaps,  several  siMicics, 

t  the  moatdwUi^^^^^^^^^^^^^H^UDralists  as  Urosalphu- 
cinerm  (platexy,  Qf^^^^^^^^^^^^^^^^^Hfa^idljbyDieansof  its 
rasping  tongue,  dil^^^H^^^^^^^^^^HMkhtbron^  which 
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aUiioked,  as  after  tboy  beooiuv  nbont  2  iuclios  toug  the  shell  is  stoat 
eiiuugh  Jo  r«ttlsl  lliis  fin-.  The  loss  HiiHtaiiiod  from  thw  smirce  is  scrj- 
grwit,  iM  tbii  ilri!l»  urt-  ufteii  jirewm  in  larpe  iiuiub«rK  mui  codHdu« 
thtiir  wurk  tliroiigh<v»t  the  year. 

Tbi?  two  Ittrce  cinifh-Iilte  iciwitftro[)mi{i  of  the  Athiiitic  coasts  Snots 
pun  canaliculaiH^  ant)  Fnlffur  rariM  dilate  xv,  fig.  4),  also  feed  u|>on  the 
oyfiUT,  from  th«ir  lizv  boing  is)[>»ble  of  attAoking  the  largest  iailtvid- 
nal».  Tb•^M  periwinktes,  "wiDklos,"  or  coiirhfl,  as  they  are  variomJy 
vailed,  appear  to  do  comparatively  little  damage,  at  they  are  not  pree- 
unt  ill  sufllcieuily  Ia^g(^  Dunibers  anywhere  i-scept  iterhaps  on  the  coast 
of  Floriila. 

OtIiHr  gasteroitodH  tloiilittess  femi  ujiou  tbe  oy«t«r,  bnt  not  to  an 
esttmt  worthy  of  consiileration. 

U]>nn  brack tsfa> water  bedft  the  starfliih  (plate  XVI)  is  not  nsuaJly 
troHhk-some,  aitd  in  Chesaiteake  Bay  it  la  practically  nnknowii,  bat  in 
I^ii;:  Island  Sound,  and  eapecially  u)Min  the  offshore  beds  in  tbe  more 
mitiiie  waters,  it  ia  the  most  ileatnictlve  enemy  with  wbit^h  oystermen 
have  lo  coutend.  It  is  thrrif  extremely  alntiiitant  at  times,  but  it  is  a 
migratory  form,  and  soitietinies  certain  beils  ttre  uuniolestwl  while  othen 
nrarby  arc  nltuoat  ruiiifd  by  its  itirmuls.  The  appwininue  of  this  pest 
niMHi  the  be<Iii  in  without  warning,  and  frettuently  the  ground  i»  abuost 
(IcvaatAted  before  the  owner  is  aware  of  tlieir  presence.  Vaet  awarms 
i>r  si'liDols  rtWi'oj)  iitToss  the  bfds,  devonriiifr  the  oysters  in  their  pntb. 
The  migration  is  said  to  take  place  in  the  form  of  a  "winrow,"  movisg 
ill  soiiif  (Msi's  iit  ihi'  i;itc  or  alioiit  ."i{Hi  fcpf  per  day.  Apparently  the 
iiiil\  uiiy  1"  >r.i[i  I  hi-  i[i;Lri'li  ui'ilirsc  Iiimi1i*>  is  toi-atrh  them  np  by  si'iiie 
M|-nii'iii.ili."i-iinli.-,n,-,l  III  |.|,.;ii:i-:".Hi.     Ily  rner}.'<'tic  w.irk  thtMhiniajrr 

iiiiiv  .'It, '11  l-r  r Itird  In  111,'  l.<-i|>  ;ii  Hie  eilf;!- of  ;i  enltiviited  jirea. 

■rill-  >Ni;liv|i  l.e-iii>  jis  dest iiietivi-  «iirli  so.m  alter  it  aliandoiis  its 
liei'  ■.uiiiiiiiiii-  larval  .ou.litii.ii.  al  a  lime  « lien  it  is  Imidly  hirger  tliaii 
a  |ijii'-  liead.  and  .■.iiitiiuies  it  tlinm-h  life.  At  tirst  it  feeds  upon  tlie 
liny  >paJ.  Imt  a>  il  ^uiw-.  ii  increases  tJie  ,-^ixe  of  its  jtrey,  tboujrh  even 
till'  tull^i.iMii  ^ta]■^  lairly  li-i-d  ii|iimi  oyslers  over  two,  or,  at  inost, 
tliree  years  nid.  Small  ^y.-liis  ale  iilieii  talceii  bodily  into  the  stomaeli 
III  the  slailisli.  a  iinieerdiiiy  wliii-li  is  nf  emirse  im|)ossibIc  with  lari-e 
one>  I'l'  lli'isr  liinily  atlaelnd  In  lai -e  eiilleh.  It  is  not  detinite'.y  known 
liow  tlie  iiystiTs  an'  niieiiril,  but  l)i.  I'iiiilus  Seliienieui;  has  pretty  eon- 
eliisively  ileiii.«i-U-;ited  !ln>  |ii-'.l.aliilii y  that  they  are  actuidly  pulled 
,>lieii  hy  iiiiis.iilar  elliu  1  on  the  part  ..1  tlic  siarlisl,. 

ir  the  eiiiiimnii  starlisli  he  examined  I  here  will  be  found  on  the  under 
siirl'ai-i*  iil'eaeh  arm  four  n>\vs  nl  eliiM'ly  cnnvded  siii-kers  or  feet  extend- 
in;;  iVom  the  iimiirh  to  llie  ti|.s  <4  Hie  aims,  Tliesc  feet  are  tubular 
and  aie  e\U-iided  hv  having:  a   lluid   pum|ied  into  their  cavities  by  a 
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independently  of  its  fellows  or  in  conjanctiou  with  them.  As  shown 
in  plate  xyi,  the  starfish  feeding  upon  oysters  or  other  lauiellibranchs 
arches  itself  over  the  nibs  or  lips  of  the  mollask  so  that  some  of  its  arms 
are  on  one  side  and  some  on  the  other.  In  this  position  a  large  number 
of  the  sucker  feet  are  attached  to  each  valve,  and  when  they  contrsict 
a  stress  is  produced  in  opposite  directions  and  opposed  to  the  force  of 
the  adductor  muscle  which  tends  to  keep  tbe  valves  of  the  oyster 
closed.  Dr.  Schiemenz  has  shown  by  actual  measurement  that  in  tliis 
manner  there  is  exerted  a  force  sufficient  to  overcome  any  resistance 
which  the  oyster  may  off'er.  It  is  eventually  tired  out  by  the  persist- 
ence of  its  enemy,  its  shell  is  forced  open,  the  stomach  of  the  starfish 
is  inserted,  and  within  a  few  hours  the  valves  only  remain. 

Another  aunoyiug  and  frequently  very  destructive  enemy  of  the 
oyster  is  the  boring-sponge,  Cliona  sidphurea.  It  differs  from  the 
enemies  belbre  enumerated  in  that  it  consumes  the  shell  and  not  the 
soft  parts  of  the  unfortunate  oyster.  The  young  sponge  lives  in  galleries 
excavated  in  the  substance  of  either  dead  or  living  shells  which  are 
soon  reduced  to  a  honey-combed  condition,  when  they  may  be  crumbled 
to  powder  between  the  fingers.  When  they  attack  a  living  oyster, 
as  the  galleries  penetrate  the  inner  fiice  of  the  shell,  an  irritation  of 
the  mantle  is  produced,  causing  an  increased  amount  of  shell  deposit 
at  that  point.  If  the  inside  of  such  a  shell  be  examined  it  will  be  found 
to  be  covered  with  blister-like  shell  deposits,  sealing  up  the  openings  to 
the  galleries,  and  many  curious  distortions  follow  from  the  destruction 
of  the  hinge  area  and  the  portion  of  the  shell  to  which  the  adductor 
mnscle  is  attached.  Although  the  oyster  itself  is  not  attacked,  yet  it 
becomes  poor,  thin,  and  watery  and  often  dies  from  the  exhaustion 
indnced  by  the  constant  effort  to  keep  its  shell  intact. 

The  older  specimens  of  the  boring-sponge  are  large,  dense,  yellow 
masses,  often  6  or  7  iin^hes  in  diameter  and  usually  inc.'losing  the  shells, 
etc.,  to  which  they  were  originally  atta<*hed.  All  stages  intermediate 
between  those  described  can  usually  be  found  upon  infested  oyster- 
beds.  The  older,  more  massive  forms  often  suffocate  the  oyster  through 
the  denseness  of  their  growth. 

In  addition  to  the  various  forms  already  enumerated  there  is  a  large 
population  upon  the  oyster-beds  wlueh  is  not  injurious.    This,  of  course, 
inclndes  many  of  the  minute  food  forms,  together  with  some  of  the  fishes 
and  crabs.    The  latter,  at  least  on  the  Atlantic  coast,  can  not  be 
regarded  as  very  destructive,  but  on  the  contrary  they  serve  as  scav- 
engers, removing  dead  matter  from  the  beds  when  it  might  otherwise 
become  foul  and  fatal  to  the  oysters.    It  will  be  seen  that  the  popula- 
tion of  the  oyster-beds  is  large  and  extremely 
relations  of  the  various  forms  are  exceedii 
the  conrse  of  evolution,  become  nicely  a^^ 
The  law  of  the  oyster  beds  is  ^^gi* 
of  organisms  giving  something  I 
it  needs  for  its  own  well  being. 
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DESCRIPTION  OP  NATURAl.  BED. 

Dr.  BrooliH  tlinti  ilpncrlbe?  a  natuml  ofster  bank: 

All  Dxanilnatlnn  of  a  CiiB«t  Survey  clikrt  o(  anf  port  of  tlie  Cbeaapeak«  B«7  ar  of 
ftnj-  nf  iu  trllintorloa  will  ahnvr  that  tbcce  !■  iwualljr  •  tniilcIimtuiBl  or  tine  at  iff 
•Katmi  whom  llin  hutUim  1*  ):<ini<rmllf  aolt  anil  wbAte  do  nyntttatrr  met  with,  a*d«n 
pikcb  ■lil<>  of  ttila  HD  ftrra  *lier«  lh«  bottom  U  haril,  ton&lBK  frmin  tlio  mI^b  of  tba 
rbftnnnl  t<>  th«  »buro.  Thin  Ii»ril  strip  U  tli«  o]i*f  n  nmo.  It  vsrln  in  width  tfm  ■ 
Aw  ;ui]»  to  Mivignil  diUmi.  aud  tho  dtqilh  of  walHr  vu1p«  u{>od  ll  tttau  m  few  feet  lo 
D  or  8  ratliuiiw  or  oven  tii(ir«.  Unl  tberv  Ih  usnally  ■  iiii<lil«<n  f«ll  «I  Ui«  tAgu  of  tb* 
uhonuKl  wbvra  tbo  oyttrn  stop,  unit  w«  piua  oulu  Itftril  bottom;  •nil  «  croat-MoUao 
of  Ibu  rhaiiiicl  wiiiild  Bbow  u  \iax<l.  Iliit  pluuc  wJtb  uysbtra  on  o*oli  •idii  of  tbeitoep. 
Bitiiltly  rbkaanl.  Tbe  o.vntiir  bottom  in  pi«tty  coatiiiUDui,  )uio»pt  op|iaaite  tbe  mealb 
of  •  tfibutkrjr,  wlu-n  it  li  out  acrfMn  b^c  ndocp,  muddf  phnunt'l.  Tbe  solid  djkIm 
tiiuLa  mm  nauAllf  litnatoil  mlttnn  th«  oul«r  ndp)  of  tfata  pUtcao.  >ltliwni:b  Is  nwaj 
nwM  Ibi-y  wra  funml  ovat  iti  nbolc  wiilth  n«Arly  iip  to  low-tide  mark  or  lieyond. 
Aa  w«  pau  aaiiUi  alang  thii  liaya  and  luiiinda  of  Virginia  and  North  Caroliu*,  we  find 
tbal  tba  liard  bonlor*  uf  tlia  ebaniipl  coinc  iiPM-er  and  ocikror  to  tbe  aDrfaiw  nniil  in 
Uii>  lowur  puit  of  Nurtli  I'arullna  tliara  la  on  each  aidn  of  tho  cbaoiicl  a  widoBBipof 
liBTd  liutt^iru,  n-bk-li  la  bare  nt  low  tida  anil  ravomil  witli  oyatars  up  to  hi|>ti-wKt«i 
mark,  allboiiftb  tbe  oyatAra  ar«  moat  iilmoduit  and  Ur|c«at  at  tbi-  mlgA  of  tba  daap 
water,  wliMV  tbay  form  a  wal  111  alined  re«f.  In  our  owo  watara  tlirra  la  iiHiiaII<r  a 
•trip  alantl  tlie  aborr  nbi>ni  no  uyKtata  arc  fontiil,  an  tbe  detilli  of  watrr  Itaat  gfiat 
anuniih  tu  ptntaot  thorn  in  wliilur.  Tbe  ulicilc  uf  tli*  liiird  1h>11  ix  not  uiitfonuly 
ooTaml  <niib  nyatora,  but  il  l»  divided  up  lulu  aeparate  oyaler  roeka,  betirmiii  wbl<li 
onmiiaratlvaly  hw  can  1)«  fonnd. 

'ITiB  Imnmlarii'K  of  a  tmliirnl  rorit  wliicb  biis  uol  I>im)1i  pbiiiigejl  by  •IrrnleiiiR  arr 
liaiiiilly  well  dt>riDeil,  ami  few  uyatera  arc  to  be  found  beyond  lie  llulta.     The  oyalara 

iiro.i'uvil.il  ln-.(liiTMMi.,-,.1\  llmt  lli.>y  i  ;iii  imt  lio  Hat,  Imt  grow  vcrticnlly  upward, 


;clbui'  i 
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tbey  KK  diMhBTg«<1  into  the  water  in  conntleaa  nnmberB,  to  be  awept  Away  to  great 
dlBtancM  b7  the  carrenta.  Aa  the;  are  too  sihkU  to  be  seen  at  tlif  s  time  witbont  a 
microBcope  it  is  impossible  to  trace  their  waiideriDgB  directly,  bat  it  is  pouible  to 
■how  inilicectlf  that  they  are  carried  to  grettt  distaDces  and  that  the  water  for  miles 
arotmd  tlic  oatural  bed  is  full  of  them.  They  serve  aa  food  for  other  marioe  animola, 
and  wheo  tfae  con  tents  of  the  atoninchs  of  these  niiimala  are  parefnlly  exunined  with 
a  microscope  the  ehnlU  of  the  little  oyaters  are  often  found  in  abnndance.  While 
exHnijntng  the  coutentH  of  the  slomnoh  of  lingiila  in  this  way  I  have  fonnd  hundreds 
of  the  abellB  of  the  yonoK  oysters  in  tbo  swimming  stage  of  frrowth,  altboagh  the 
specimeoe  of  lingula  were  cajitni'eil  eeveral  mtltis  from  the  nearest  oyster-bed.  As 
lingnla  is  a  fixed  atiimal  tlie  oyntei's  niiist  have  been  brought  to  the  spot  where  the 
sperimens  were  fouml,  and  as  tlie  lingnla  him  a<>  means  of  capturing  its  food,  and 
Babsists  npun  what  is  swept  within  its  re&cn  by  tbo  wati-r,  the  presence  of  BO  many 
inside  its  stomarh  sbous  that  tbe  water  miisl  have  contained  great  numbers  of  them. 

It  is  clear,  then,  that  tlio  sharp  limitation  of  the  aren  of  a  natural  oyster  bed  is  not 
dneto  the  absence  in  the  yonng  of  the  power  to  reach  distant  points.  There  is 
Miotber  proof  of  this,  which  ia  familiar  to  all  oyatermen — the  possibility  of  estab- 
lishing new  beds  without  trmisplanting  any  oysters.  The  following  illustration  of 
this  waa  observed  by  one  of  jovii  coiiimissionere :  On  part  of  a  large  mud  flat  which 
wa«  bare  at  low  tide  there  were  no  oysters,  although  there  was  a  natnral  bed  npou 
the  same  flats,  about  half  a  mile  away.  A  wharf  waa  built  from  high-tide  luaik 
across  the  flat  out  to  the  edge  of  the  channel,  and  the  ahelln  of  all  the  oyaters  which 
were  consnuied  In  the  bouse  were  thrown  onto  the  mud  iilougsidc  the  whar£  In  the 
third  summer  the  flat  in  the  vicinity  of  the  wharf  bad  become  converted  into  an 
oyater-bed,  with  a  few  medium-sized  oysters  and  very  great  uumbcrB  of  young,  and 
tfae  Imttom,  wbich  bad  been  rather  soft,  bud  become  quite  bard;  in  foot,  the  spot 
presented  all  the  characteristics  of  a  natural  bed,  (.'hanges  of  this  sort  are  a 
matter  of  familinr  experience,  and  it  ie  plain  thut  HOuethingBlae  besides  the  alienee 
in  the  oyster  of  locomotive  power  determines  the  size  and  position  of  a  bed. 

Now,  what  is  this  tomelhinti  dec!  If  tbe  planting  of  dea<l  sbells  will  build  up  a 
Dew  bed,  may  we  not  ronclii<le  tbut  a  natural  bed  tends  to  retain  Its  position  and 
Bite  because  tbi:  ahella  are  there?  This  oonclusion  may  not  seem  to  iMvery  import- 
Mit,  bnt  1  bopu  to  show  that  it  i^  really  of  fundamental  importance  and  is  essential 
to  a  correct  conception  of  the  oyster  problem. 

Wby  should  the  preticncc  of  shsllH,  which  are  dead  and  have  no  power  tomnltiply, 
have  anything  to  do  with  the  purpctuntion  of  a  bedf 

We  have  already  called  attention  to  the  fact  that  oysters  are  fonnd  on  the  hard 
bottom  on  each  side  of  the  channel,  ivbile  they  are  not  fonnd  in  tbe  soft  mnd  of  tbe 
channel  itself,  and  it  may  at  first  seem  .is  if  tbcru  were  sonic  direct  connection 
between  a  hard  buttiuu  and  tlio  jirexence  of  oysters,  but  the  fact  that  no  oysters  are 
found  upon  tbe  li:ii'd,  firm  taud  of  the  ocean  boiich  shows  that  this  is  not  tlie  case. 
As  smatterof  fact,  tbey  thrive  best  nponasoft  bottom.  Tbcy  feed  npon  the  floating 
organic  matter  which  is  brought  to  tbuiu  by  tbo  water,  and  this  food  is  most  abun- 
dant where  tbe  water  Aowh  in  a  strong  current  over  soft  organic  mnd.  When  the 
bottom  is  bard  there  is  little  food,  and  this  little  is  not  favorably  placed  fordiffusioD 
by  the  water,  while  the  water  which  iIowh  over  aol't  mud  is  rich  In  food. 

Tbe  ypnng  oysters  which  srttle  upim  or  near  a  soft  bottom  are  therefore  moat 
favorably  placed  for  procuring  food,  but  tbo  young  oyster  is  very  smalt — so  small 
that » layer  of  mud  as  deep  us  the  thickness  of  aslieet  of  paper  wonid  amotber  and 
■teatroj  IL  Hence  tbe  young  oyster*  hkve  tba  habit  of  fastening  themselves  tii  solid 
bodies,  au.li  ;i«  hIh^IIs,  lock^,  or  pilfls,  or  UoMing  luiobis.  i^wl  iLcV  aik-  cimMcd  to 
jirolit  by  tbe  Bolt  In 

Owing  to  tbi"  pwci 
tbe  mnd  long  alter  most  of  J^^^^^^^^^^^^^^bSEliKU  furuishps  an  tkCellBut 
basis  for  attnclinwnt. 
le  Bwimmlng  o 
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^«B*  OTB  icnft^Ur  4iM*1tra  in  tl»  ara  walar.  Mil  Ikua  tarntab  Itiv  Iloi*  vtiicli 
liwvbqt  «jral>'  ■!■!■  ta  buiU  op  Ha  nvn  aImIL  A»  Imk  m  tb«  alivll  it 
th>  te])«  biMi  *OMiini  b  rarr  K«*t  •^  *<>>■  •Uurm  b  Rn^ly  dunlBM»«d 
«HM  m  tha  abdl  IwMiw  lUek  mmmcIi  in  imM  •Iteek.  Ii  U.  Uwrefon.  T«c]r  n«M*- 
MTj  Uwt  IW  (faeU  afcMdd  W  taOt  vp  m  npidlr  M  p«Maibbt,  >ihI  bo  abundant  anppt} 
ar fca4  hi  laMul  wUl  W oTm ■Amtaga  nk« ttw anppir  «r  IIb*  la  groat  niuigb 
Ihr  tfaa  cnwtfc  ml  A»  AM  W  kMp  fMtwHh  tin  frewUi  of  tl>*  body.  Ail  m 
WBlM  matalM  Una  w  aalMtJaa,  h«t  tb*  pw*MWlBii  la,  of  uonnc,  gro8t«Ht  mr  the 
Hi«n<n  nf  oipiilr.  (t  !•  vail  kaava  that M  eonl  nafa.  wbldi  aneiitlrel;  nuidcuf 
llmr.  »II  kii^  «f  ifciilh  >1  iwHiiata  BiibiMi  !■  sananal  atiuiitlaiioe  and  bave  xtry 
•iruDK  aail  ma  wire  akaUa,  aaA  timr  eaiMwa  Ivkd  *n4  rnmb-w^ter  saalla  are  much 
UtXcraiMl  mnra  abnndant  laa  liwaalmie  reckM  than  la  i>im  where  th«  inpiilvof 
Ilia*  ia  fwty.  In  (Bcb  tofiooa  U  ia  nut  mm— al  l«  And  the  aoaik  KstlMred  anmnil 
eb  ih*T  hava  Ihsb  drawn  In  vriet  to  obtam  •  anpply  ol 

o  <iu<BWfw«]  ll  T««tlM  UmI  a  f  «QDK  <>r«t«r  wbloh  a-tttes  apoa  » 
naunal  oyatar-bad  ba«  a  bimIi  brllrr  chuw*  af  aarrival  than  nue  n-hicb  spttln 
aarwhMv  itea,  aad  a  nataral  UmI  lh«  tanOa  lo  (Mrpalnala  Itaalf  aud  to  pvn-Ut  a*  > 
dotnlta.  waU-*laftn«d»na;  balUian-taalitlaaMlierraMaa.  AaUia flood  liile  ntthai 
ap  tha  riiannala  tt  Mh»  wp  lb*  tae  laod  whiirb  baa  b««n  dapokHecl  io  tile  deep  iratrn. 
Tba  ned  U  awapl  ■poDUt  Uwakallaiia  aiuug  Uaraluira.  and  If  tbn«  are  levr]  mncli  uf 
lb»— dfntti  MlUea  thtw.  If,  bn«erer,  the  fot  {•«OT«redby  groapa  of  oratt-n.  [!i« 
•blttflg  tMe  dove  not  flaw  nff  ta  an  evan  cliaet,  but  Is  broken  u]>  into  thaDa>.iicIa 
of  ■umU  tbiBMMli^  tbnM^  wUcb  tbe  aodlMal  flowi  down  to  b«  awopt  oat  to  aeo. 

The  afaur-bed  llua  tandi  to  k**p  ttoalf  rle*u,  and  for  tbeae  rarioas  reaanns  It 
IbUowa  Amt  thm  man  ttmtj  MtabUabaJ  an  njatw  bad  ia  Ibe  better  is  ita  cbaare  i-f 
perpelaktlaM,  d»«m  thm  fi>*nt  epat  llnda  nwre  brorabla  candilioDB  where  there  >n 
.tvstrra.  or  at  tvasi  >livll>,  ^llIT■.l(l^  llist;  U  liuils  aiiywbiTe  elw. 

Now.  wbat  ia  the  prsriicul  iiiiportanoe  of  this  description  of  anatnral  bed  f  It  is 
tlii-  >'u\' f  .1  n.itiir.il  li.'.l  i.'iiil-  (•'  Tfuiiiiii  ]>*i-niaiirnt.  localise  of  tlie  preeenre  of 
,,-ui  -!„■;;-.  i^.--.-l!.     ■   ■■:    !...u.':i.-  «li.-i..  iker..  ;irpi„.  ,.ystfrs|-iirMiHhe«u8  witLa 

1!..    ..■.-;.  I   .!r.  .L.r-  -T  ,r^    ^■.:■.h   yri:,-!   ir-,(b.  ih:U  1-y  l.reakii.f;  ii|.  tbe  crow.ied 


ii  it'l.iii'-  to  tlu-  iiysiers  tliemselves.  gives 

._v>trr  lii'ii.  tlioii;;li  iliey  ilifl'er  somen-Lat  iu 

hill,  ;l<sIiii\vii  id  tht'st'ctions  wbich  treat 

!  'ii  il y-TiT.  tlie  hittfr  is  very  far  from 

l.itinii  nitiif  lu'ds.  The  s;ime  cnuaes  whit'li 
-ill.  itie  linii  lia-is  ol'  iittiu-limeut,  tlie  siir- 
iil,  ilii-  i',ivui;ililc  lU'ii.iity  iiiui  temi>erature, 
I  lifii  ;i  cciitcr  teeiiiiiijr  witli  iuiuatic  life. 
luiniit.  A  liiiiL  hiLileiis  [irojei'tiug  iiaturitlly 
L  Ol  A  t.w  -liflls  tliiowii  ii|ioii  tbe  niutldy 
>iiitiiiiiiit_\  wli.Ti'  lii'f  is  ;is;iliuiKlnntau<Ithe 
iiiplix  wud  r-ticiiiious  as  is  aiiywbere  foaiid 
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DESTRUCTION  OF  NATURAL  BEDS— CAUSES  AND  REMEDIES. 

Until  a  comparatively  recent  date  our  supply  of  oysters  was  drawn 
almost  entirely  from  the  natural  beds,  which  were  originally  so  vast  that 
it  was  a  common  saying  that  they  were  inexhaustible.  The  fallacy  of 
this  view  has  been  abundantly  proven,  and  wherever  reliance  has  been 
placed  upon  natural  beds  solely  there  has  been  a  decreasing  supply  to 
meet  an  increasing  demand.  Many  causes  have  been  cited  to  account 
for  the  decrease  in  the  productiveness  of  the  oyster-beds,  but  wherever 
unprejudiced  investigation  has  been  brought  to  bear  upon  the  subject 
the  verdict  has  always  been  that  the  fishing  upon  the  beds  has  outgrown 
their  fecundity. 

Vast  as  is  the  production  of  spawn,  the  chances  against  its  growth 
to  maturity  are  such  as  to  limit  the  productiveness  of  the  beds.  Much  of 
it  fails  of  fertilization.  Most  which  passes  that  critical  stage  becomes 
a  prey  to  enemies  or  falls  upon  unsuitable  bottom,  where  it  fails  of 
attachment  and  sinks  in  the  ooze.  Even  after  the  vicissitudes  of 
larval  life  are  passed  the  infantile  spat  may  be  buried  in  an  accumu- 
lation of  organic  or  inorganic  sediment,  or  it  may  be  devoured  by 
enemies  agaiiist  which  it  can  x>i*esent  no  adequate  defense.  Storms 
may  tear  the  adult  oysters  from  their  attachment  and  cast  them  upon 
the  shore,  or  they  may  become  covered  by  sand  and  seaweeds  drifted 
in  by  the  waves;  or,  again,  excessively  cold  weather  may  cause  their 
death  in  exposed  places  by  freezing. 

Numerous  as  are  the  perils  which  beset  them  under  their  natural 
surroundings,  they  have,  ui)on  the  whole,  found  the  conditions  favorable 
for  their  maintenance  and  increase  until  civilized  man  began  his  syste- 
matic attacks.  It  is  true  that  before  the  appearance  of  the  white  man 
upon  the  scene  they  had  disappeared  from  regions  where  they  were 
formerly  found,  but  upou  our  coasts  such  cases  are  isolated  and  rare. 

Without  here  going  into  the  evidence,  it  may  be  asserted  as  a  dem- 
onstrated fact  that  overfishing  is  the  cause  of  the  depletion  of  our 
oyster-beds,  and  that  it  produces  its  damaging  effect  in  sevend  ways: 

1.  It  removes  the  adult  oysters,  which  are  either  spawning  or  are 
capable  of  spawning,  and  thereby  reduces  the  reproductive  power  of 
the  bed  as  a  whole. 

2.  It  removes  the  shells,  and  therefore  decreases  the  available  points 
of  attachment  of  the  si)awn.  When  the  oysters  are  not  culled  on  the 
beds  this  effect  is  aggravated  by  the  removal  of  the  dead  shells. 

3.  Spat  and  young  oysters  attached  to  the  shells  of  the  adults  are 
removed  from  the  beds,  and  as  it  is  impracticable  in  many  cases  to 
detach  them  they  are  of  necessity  destroyed. 

4.  The  quantity  of  oysters  taken  and  dMtroved  from  the  several 
causes  mentioned  is  greater  than  ^  ^^  aouaally 
grow  up  to  take  their  places. 

Many  causes  have  been  ■ 
beds,  and  many  remedies 
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lister  buaiuesB  tiave  been  dtm)  to  show  cause  vby  tbey  slioiild  not  be 
oartAil«(l  or  HluiIJahed  tut  tlt>8triii-l  i  vc.  It  has  t)e«u  [iropooed  ta  ri^jstrict 
thedcmaii'l  by  jiriiliibitiiig  canning;  &i  iirobibit  the  ane  of  this  iirtliat 
kiiitl  uf  HiipiiTHtus,  or  tu  iiiterfcro  in  rarionx  w»y»,  with  more  or  Ie«s 
legitiumK^  melbodM  of  mtt^tiug  and  iucretutittg  the  deniitDd. 

Thv  uttein[)t)t  thai  have  bt>eu  inadu  to  kuep  tb«  d«inaud  ni>on  Iln*  bede 
within  tb«  limil  of  tbuti  fccundily  b»r«  »>  far  btt-ii  failuroN,  ami  such 
atteuiptH  are  also  seen  to  be  illogical  wht-n  it  can  be  »howD  that  the 
teciproRal  measure,  increaning  the  supply,  is  perfectly  feuaiblc. 

The  dictaten  of  aound  economies  require  that  tio  effort  be  made  to 
restrict  the  demand  luitil  it  can  be  shown  that  efforts*  to  increase  the  sup- 
ply are  futile.  A  growing  demand  for  a  produrt  in  the  most  trustworthy 
indication  of  an  induittry's  proetpeifly,  and  tJie  only  rational  manner  in 
wbicb  to  bring  the  rtupply  and  dtjmund  into  (><|iiilibrium  i&  to  invi-eai«e 
the  former.  Only  afti-r  t  be  failure  of  all  etfort^  to  save  tbe  sapgtiy  from 
total  extinetion,  should  a  re?«trictiou  be  plac«d  upon  the  deniaud. 

The  close  season  han  been  a  favorite  measure  in  protective  legisla- 
tion, as  it  ban  been  in  most  legiKlatioo  looking  to  the  perpetaatiun  of 
game  and  flslu  It  is  nanal  to  fix  tbe  close  season  during  the  spawning 
months,  nimu  tbe  theory  that  the  reproductive  act  shoald  lie  allowed 
to  proceed  nnmolested.  It  really  matters  bat  little  whether  the  oyitter 
IB  takeu  during  the  eeawu  of  spawufng  or  a  month  or  two  before;  the 
effect  upon  the  fishery  is  the  same,  as  i[i  cither  c;ise  the  bed  is  dein'ivwi 
of  an  iudividuiil  capable  of  reproducing  its  kind.  The  only  eHiect  of  a 
close  si-;is(iii,  wlieiH-M-r  (ici'iininy;,  is  tii  ri'dinc  llic  time  dtiriii}.^  wliicli 
tlie  (iTsti-r  is  siilijrct  lo  :i(tLii'k  fiiiiii  tlir  oysicniii'ii.     [■:ven   this  is  of 

lilllc  iiMiil  Willi  the  s(-.lcii(:ir>  oyster,  fin'  it  is   |iiissili!c  for  ;!i;.->  ii. 

lishJii^'  ten  .lays,  to  ;is  i-ile,tiially  "I'li-an  up"  a  beil  as  can  be  il.Jiif  by 
Id  iiK'ii  tishiii-  niii>ii>:l]otit  iIk-  yi'ar.  This  bus  been  tbittiil  t.>  )>c  tlie 
linictjriil  ivsiilr  <.r  ;i  cl,»CM'a-;oii  ii,  s,,me  |.lares;  (be  lirst  lew  days  .,f 
nslij[i^;  icrnoviii-  s.i  many  .>\  st.  rs  as  to  niaUc  it  iiii])rolitabU- Im  work 
the  hrdsiliiiiii;;!!,.-  n-si  <.r  [be  year. 

Tlie  iiielliods  l.y  which  tbe  iricieasi-.l  .l.^mand  resiiltin^  from  a  widen- 
ing'of  Ilie  iiiarliels  maybe  met  will  be  Heated  oliii  iinother  f.iniie(;ti[.ii. 
It  may  becume  (icee,-.sar\  in  .--rune  jiarts  of  lliis  country,  as  in  l':urupe, 
t.)  leseive  the  naniral  lie.ls  for  ll.c  pro.hictinn  of  seed.  Sncii  a  reser- 
vation wnnli  I  na  In  rally  eK.ile  tlie  >lreiinoiis  o|,],nsit  ion  of  tbe  oyslermcn  ; 
hnt  sliould  the  in.iiistry  ever  lie  jc.Iim  cil  In  Iln-  ih'S|.cratc  condition  at 
one  tiun-  found  in  I'ranuc,  eorrcs[n)iiiliii{^Iy  despcrale  lemetlies  most  bt 
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cooditionR  in  nnch  a  manner  as  to  bring  aboat  one  or  several  of  the 
following  results: 

1.  An  increase  in  thenamber  of  eggs  successfully  fertilized. 

2.  An  increase  in  the  surfaces  available  for  fixation,  and  consequently 
an  increase  in  the  number  of  spat  which  become  fixed  and  pass  through 
the  early  stages  of  spat  existence. 

3.  The  utilization  and  salvage  of  spat,  which  would  otherwise  fall 
victims  to  the  several  vicissitudes  of  their  careers — storms,  frosts, 
crowding,  etc. 

'    4.  A  decrease  in  the  liability  to  attacks  from  enemies. 

5.  The  utilization  of  otherwise  neglected  bottoms  and  food  supplies. 

Upon  our  coasts  the  objects  set  forth  above,  or  some  of  them,  have 
been  best  realized  by  the  process  of  ''x)lanting."  This  consists  in 
placing  firm  bodies  in  the  water  for  the  purpose  of  catching  the  spat 
or  in  spreading  young  oysters  upon  the  bottom  in  places  suitable  for 
their  growth.  Vast  as  are  our  oyster-tields,  but  a  small  portion  of  the 
bottom  available  for  the  growth  of  this  mollusk  has  been  utilized  by 
nature.  This  has  arisen  from  the  fact  that  in  many  cases  where  the 
other  conditions  are  favorable  the  bottom  is  of  such  a  character  as  to 
prevent  the  attachment  of  the  young,  though  perfectly  adapted  to  the 
rapid  growth  of  the  adults.  If  then  the  spat  be  caught  on  planted 
cnltch,  or  partially  grown  oysters  be  placed  ui)on  such  bottoms,  the 
difficulty  is  overcome  and  nature  has  been  assisted  to  the  degree 
necessary  and  all  or  some  of  the  conditions  mentioned  above  are  more 
or  less  completely  fulftlled;  the  first  by  increasing  the  number  of 
adult  oysters  in  any  region,  and  by  their  closer  aggregation;  the  second, 
by  the  process  of  preparing  the  ground  and  sowing  the  shells;  the 
third,  by  the  use  of  seed  from  regions  less  favorable  to  its  maturing; 
the  fourth,  from  the  grciter  care  with  which  a  bed  under  i)rivate  owner- 
ship will  be  watched  and  guarded,  and  the  fifth  by  the  very  act  of 
planting  upon  virgin  or  depleted  bottom. 

Other  and  more  complex  plans  of  oyster-culture  are  employed  in  the 
countries  of  Europe,  but  have  not  yet  been  adopted  in  the  United 
States.  There  are  indications,  however,  that  in  certain  portions  of  our 
'oyster  belt  it  may  be  necessary  to  follow  some  method  of  pond  culture, 
not  so  much  for  the  purpose  of  growing  the  oysters,  but  to  fatten  them 
for  market.  Should  the  feasibility  of  this  be  demonstrated  under  the 
conditions  prevailing  in  the  United  States,  a  vast  increase  could  be 
made  to  our  oyster  supply,  as  it  is  a  well-known  fact  that  certain  large 
areas  are  (capable  of  raising  oysters  which  they  rarely  fatten  and  for 
which,  therefore,  no  market  can  be  found. 

By  some  modification  of  pond  culture  it  may  also  be  possible  to 
raise  seed  oysters  in  regions  in  which  few  or  none  are  now  produced, 
thus  adding  another  considerable  item  to  the  wealth  giving  x)ower8  of 
our  coasts. 

These  several  subjects  are  treated  under  their  appropriate  headings 
in  the  following  pages. 
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PLANTING  WITH    SEED. 
PBBLLMIMABY    CONSIDBRAilONS. 


1 


Preliminary  h»  piniitiiig,  the  flrst  essential  is  tu  tlulermiiie  whether 
private  rights  in  oyster  bottoms  are  recognized  by  f:iw  or  coutiteuanci-d 
by  publico  opinion.  Unless  the  planter  la  assure<I  of  exclusive  owner 
Khip  in  the  product  of  his  labor  and  enterprise  he  will  lind  more  profit 
and  pence  of  mmd  in  devoting  bis  energies  to  some  other  calling. 
Unless  the  law,  backed  by  the  pnblic  sense  of  Justice,  makes  the  theft 
of  oysters  fWini  planted  grounds  |iiiTiishabte  like  theft  of  any  other 
kind,  it  will  be  impossible  to  expect  success  in  oyster-jilanting.  Very 
reniarkablo  views obt4viii  in  sonie]dacescouceruiug  the  right  to  proiierty 
beneath  the  nen,  and  in  such  plae-es  the  planter  will  lind  it  impossible 
to  protect  his  interests. 

Having  dutermined  that  his  riglits  in  his  ripuriuti  property  may  be 
Buoceasnilly  maintained,  the  next  st«>p  is  to  select  beds  that  present  the 
proper  conditions  of  temperature,  density,  botloin,  food.  etc. 

Temperature. — If  it  is  desireil  to  establish  a  self  purjiotuating  bed 
the  temperature  should  rise  for  a  considerable  time  during  the  spawn 
ing  period  to  between  68  and  80  degrees.  If  it  be  desired  to  merely 
increase  the  size  of  seed  oygters  obtained  elsewhere,  it  is  not  necessary 
that  the  temperatare  should  ever  rise  so  high,  although,  as  a  rule, 
wiirni  waters  iiidm-e  more  rapiil  growth.  The  range  of  temperature  to 
whicli  adult  oysters  are  subject  will  be  seen  on  page  280, 

l>eiisili/.—rhi'  density  siioul.l  be  abov.-  I.IHIT  at  least,  and  tlit-  beds 
should  be  so  located  as  not  lo  he  subjccC  to  tlii>  inHnciicc  of  fn-shcts 
which  would  ifducc  the  density  bdoM- that  d.-Tcc  lor  any  lcn;;rli  .if  time. 
A  density  over  1.02;i  is  not  nilvisable.  allliniit;!]  oysters  ^u>w  lo  places 
in  a  somewhat  greater  salinity.     (See  ji.  'JSl.) 

/(«/(,„». —The  chanietci  <if  the  hollonL  is  (lie  most  Important  i-onsid 
eration,  and  it  is  pri)l)alilc  that,  uimn  our  loasls.  Ilic  iitlier  cunditioiis 
will  be  fairly  met  in  aJiy  locality  where  snitable  bottom  i.-;  available. 
The  seleelioii  should  be  made  wilh  care,  aod  llie  mclhods  employed 
.should  he  adapted  lo  tlic  Hiaraeter  of  tlie  j;n.iiiui.  Otherwise  the 
planter  may  be  put  to  labor  a 

Ilanl.  rocky  bottom  is  in  jr 
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Food. — ^Tbe  question  of  food  is  a  »ine  qua  nan  in  oyster-culture. 
Without  a  supply  of  suitable  and  proper  food  it  is  useless  to  attempt  tlie 
growth  of  oysters.  As  a  general  rule,  it  will  be  found  that  where  the 
proper  conditions  of  temperature  obtain  the  vicinity  of  a  muddy  bottom 
will  be  well  stocked  with  the  minute  organisms  upon  which  the  oyster 
feeds.  Reliance  upon  this  fact,  however,  is  phicing  dependence  upon  a 
*'rule  of  thumb,"  never  a  profitable  method  where  more  accurate  and 
scientific  information  can  be  obtained.  Oystermen  usually  determine 
the  best  growing  and  fattening  grounds  by  actual  experiment,  a  pro- 
ceeding often  entailing  the  wasteful  expenditure  of  time  and  capital, 
and  the  small  cost  which  would  be  involved  in  making  a  preliminary 
biological  survey  would  be,  in  moat  cases,  well  expended.  The  currents 
may  be  such  as  to  carry  the  food  orgauisms  away,  or  for  other  reasons 
beds,  apparently  well  situated,  maybe  lacking  in  food,  a  fact  usually  not 
discovered  until  time  and  money  have  been  wasted  in  experimental 
planting. 

Marking  bed,  etc. — The  boundaries  of  the  i)lan  ting- grounds  should  be 
marked  with  stakes  in  such  a  way  that  each  planter  will  have  no  diffi- 
culty in  distinguishing  his  own  ground  from  that  of  his  neighbor.  In 
order  to  recover  the  boundary,  should  the  stakes  be  carried  away  by 
storms  or  ice,  it  is  usual  to  have  ranges  locating  the  most  important 
marks,  such  as  those  at  the  corners  of  the  beds,  these  ranges  being 
either  conspicuous  natural  objects,  buildings,  etc., or,  preferably,  signals 
erected  especially  for  the  purpose.  In  deep  water,  or  upon  bottoms 
where  stakes  can  not  be  driven  or  held,  buoys  are  commonly  used  for 
locating  the  beds.  Some  of  the  States  have  laws  regulating  more  or 
less  strictly  the  manner  of  describing  and  marking  the  private  oyster- 
grounds,  and  to  avoid  trouble  and  disputes  these  should  be  strictly 
complied  with. 

It  should  be  remembered  that  it  is  more  difficult  to  layout  and  mark 
areas  beneath  the  water  than  upon  the  land.  It  sometimes  happens 
that  the  planter  is  able  to  get  control  of  an  entire  cove  or  brackish- 
water  creek,  in  which  case  the  question  of  marking  the  beds  and  of 
protecting  them  from  poachers  is  much  sim|)lifled.  In  some  places  it  is 
customary  for  owners  to  subdivide  their  beds  for  purposes  hereafter 
mentioned,  and  such  subdivisions  maybe  marked  in  the  manner  adopted 
for  indicating  the  boundary  of  the  right. 

PREPARING  BOTTOM. 

Having  located  and  marked  the  beds,  the  ground  should  be  prepared 
for  planting.  In  places  such  as  San  Francisco  Bay,  where  the  oysters 
are  placed  on  beds  which  are  more  or  less  exposed  at  low  tide,  this 
usually  consists  of  clearing  away  the  snags  and  other  debris  at  low 
water  and  leveling  oft  the  mounds  and  filling  up  the  hollows.  If  it  is 
necessary  to  build  stockades  to  protect  the  oysters  from  fish,  this  shoidd 
also  be  done  before  planting  is  begun,  as  otherwise  the  bed  may  be 
mined  before  it  is  fairly  planted. 
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In  deeper  water  the  clearing  up  of  tlie  grounds  in  nsaally  done  by 
meuns  of  the  dredge,  all  delms  being  carefiilly  removed.  This  work  is 
hvst  performed  by  stetviu,  tlii'  larger  planters  owning  vessels  and  the 
etnallerones  liiring  tliem  for  tlie  purpose.  Tbe  work  with  sailbonte  is 
more  laborimis  and  less  rapid. 

If  tbe  iHittom  in  firm,  or  if  there  is  a  firm  snbstratum  an  inch  or  two 
below  the  soft  siirl'aoe- layer,  no  further  preparation  Ls  needed.  When 
there  is  a  soft  mud  of  some  depth,  however,  it  is  absolutely  necessary 
that  the  snrfaee  be  prepared  in  some  way  which  will  prevent  the  oysters 
from  becoming  eompletely  submerged  and  Ruflooated  in  the  soft  deposit. 
Thie  is  usually  done  Kv  distributing  over  the  soft  plaeea  various  hard 
BubstanceB,  whieh,  resting  mmn  the  mud,  give  it  a  llrm  surface  ajwn 
which  the  oysters  may  repose  in  safety. 

In  France,  where  the  Lick  of  suitable  grounds  frequently  requires 
the  use  of  very  soft  bottoms,  this  difficulty  is  sometimes  overcome  by 
the  expensive  means  of  maeadamixing  the  bottom  with  gravel  and 
clay.  While  this,  of  coarse,  forms  an  excellent  bottom,  hard  and 
Bmooth,  it  can  only  be  used  on  grounds  exposed  at  low  tide. 

American  planters  usually  provide  a  llrm  sarfnee  by  «itrewiag  oystei- 
Bbclls,  clam  shells,  gravel,  or  sivud  over  the  bottom  in  sucb  tiuautitjes 
as  to  have  tilt!  desired  eflect.  When  shells  or  gravel  are  used  the  double 
purpose  is  often  served  of  preventing  the  submergence  of  the  adult 
ij-NtcT  ill  llie  mnd  and  otlering  a  \th\fi^  of  allni'linieiit  for  the  spat.  In 
certain  places  sandy  and  gravelly  material  resulting  from  dredging  for 
harbor  improvrmeuts  luis  been  iitilii^cd  for  this  jjurpose,  and  inncli  soft 
bottom,  before  vjihii-lfss,  has  ln'cn  niadi-  U>  yield  a  jirofitiiblc  return  to 
the  |.ljuiter.  Siicli  iiiarerial  ran  often  lie  obtained  iit  a  very  sniiill  cost. 
sometimes  merely  for  tlie  expense  of  traiisimrtation  to  the  beds. 

In  surfacing,  i-ace  slimild  be  exen-ised  that  llie  linn  ];iyef  be  dejiosited 
uniformly,  as  otherwise  tlie  muddy  bottom  will  be  exposed  in  places 
Jind  theoyslers  lallin^.'  tliei-,-<m  in  plantiii-  will  be  i-iigu!led  in  llio  mnd. 
Plenty  of  tiiateiial  should  always  be  used,  as  it  is  |)oi>r  eeononiy  to 
apeiid  money  for  work  and  uiateiial  wliirli  is  insuliii'ieiit  toaeeomplish 
the  end  sought.  The  exai-t  atutuint  iiecessiiry  will  depend  njiou  tlie 
eliiinietei-  of  tlie  bottom.  Where  it  consists  of  a  very  deep,  pulpy  or 
tloccnleut  de|"isit  it  is  useless  in  most  rases  to  ;ittempt  to  impnive  it. 
as  the  surlaeiiijr  material  will  sink  niniost  as  fast  as  it  is  deposited. 
In  pliiees  ])erha].s  this  iiii^rht  be  ovi-icornc  by  the  rreiicli  system  of 
niacadaiui/inj;,  but  as  tuoie  snitalile  boitoui  is  abundant  on  our  eoast 
siicli  an  expi'iisive  proeetluie  wonid  be  unnecessary. 

When  the  bottom  is  |iro)ieily  surfaced  with  coarse  sand  or  gravel  it 
dt.es  not  as  ii  ride  re.|uirc  auniherec.at  for  four  oi'  live  years.  When 
theie  i.s  a  raiiiil  de|iosiL  of  mud  it  will,  iil'  coniw,  soou  become  covered 
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SEED. 

After  the  ground  has  been  thoroughly  prepared  according  to  its 
requirements,  the  next  consideration  ia  the  actual  planting  of  the 
oysters.  Planters  follow  one  of  two  methods,  as  their  interests  and 
experience  may  dictate;  they  either  plant  seed  oysters  and  raise  them 
to  an  adult  or  marketable  size,  or  they  use  cultch  to  catch  the  spat, 
which  may  be  either  sold  as  seed  or  retained  until  it  has  grown.  The 
former  method  is  perhaps  the  simpler  and  more  uniformly  successful  in 
most  localities,  and  it  will  be,  therefore,  first  discussed. 

Seed  oysters  are  young  or  immature  oysters  suitable  for  planting. 
They  vary  in  size  from  minute  *' blisters"  up  to  well-grown  oysters, 
which  will  be  ready  for  market  in  six  mouths  after  they  have  been 
bedded.  In  most  cases  they  run  in  size  between  1  and  1 J  inches,  or 
from  about  the  size  of  a  silver  quarter  up  to  the  size  of  a  silver  dollar. 

The  seed  is  obtained  either  from  planters  who  make  a  specialty  of 
raising  it,  or  from  the  natural  reefs,  or  from  various  places  along  shore 
where  there  may  be  an  abundant  set  of  spat.  In  certain  localities 
gravel  beaches  often  show  a  strong  set  in  the  aiea  between  tides,  where 
it  may  be  collected  at  low  water,  or  beyond  low- water  mark,  where  it 
may  be  dredged  or  tonged  from  boats.  In  some  parts  of  Long  Island 
Sound  there  is  an  extensive  fishery  for  seed  oysters  in  localities  such 
as  described. 

Some  planters  collect  seed  for  themselves,  but  most  of  them  prefer  to 
buy  from  those  wlio  make  a  specialty  of  that  branch  of  the  industry. 
The  price  varies  in  ditfcrent  localities  and  with  the  character  and  size  of 
seed,  from  10  cents  to  $1  per  bushel.  The  larger  growth  of  seed  brings 
a  better  price  than  the  smaller,  as  it  takes  a  shorter  time  to  bring  it  to 
maturity  and  it  is  less  susceptible  to  the  attacks  of  enemies.  The  care 
with  which  the  seed  has  been  sorted  is  also  a  prime  factor  in  the  cost. 
Seed,  just  as  it  comes  from  the  beds,  contains  much  besides  oysters; 
sometimes  as  much  as  T.l  per  ciMit  consisting  of  old  shells,  sponge,  and 
other  rubbish.  Though  surJi  material  may  be  obtained  at  a  low  i>rice, 
it  is  not  generally  regarded  as  economical,  as  a  larger  quantity  must 
be  planted  than  when  good  seed  is  used,  the  bed  is  littered  with  unde- 
sirable rubbish  of  all  kinds,  and  is  liable  to  become  stocked  with 
enemies  which  will  cause  trouble  in  the  future.  The  unculled  seed  is 
liable  also  to  grow  into  rough  oysters,  crowded  into  bunches  and  of 
undesirable  shapes,  which  bring  a  smaller  price  when  put  upon  the 
market. 

When  culled  stock  is  selected — that  is,  seed  consisting  of  separate 
individuals  of  good  shape  and  uniform  size — it  is  said  to  generally  give 
satisfactory  results.  It  is  free  from  rubbish  and  enemies,  and,  being 
vigorous,  it  is  able  to  at  once  avail  itself  of  such  advantages  as  the 
beds  possess  and  its  growth  is  correspondingly  rapid.  The  cnr" 
being  separate  from  the  beginning,  when  they  reach  mal^>*  " 
shapely  and  in  good  condition. 
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It  lias  soiaetimos  Lapiieiied  tliat  ^onil  rcHUltn  have  foUotred  tbe 
sowing  of  split-covered  sbelb  ]Hirctianed  from  tlu'  canaorips,  bnt  ibis 
tnelliod  i»  ]i recur ioui«  iitilt^ss  llie  sbella  nt-e  used  in  tlie  prooeN8  of  spat- 
collevttiif;  to  b«  explajneit  lK>rcafter. 

Ttie  louality  whence  the  seed  is  derived  is  also  important.  Oysters 
takoii  IVom  a  warm  region,  whero  food  ta  plenty  and  growtb  rapid,  to  n 
oolder  regiou,  wberv  loud  in  tnoi-u  HCHuty,  are.  it  ia  st.ited.  not  nlw»ys 
BiK^ottssfulIy  RHdimat«<l  unk'ss  tbo  trauafer  ia  inndu  wbi-n  tbe  oyster  is 
Tory  young.  Some  planters  say  tbat  when  southern  oysters  just  about 
to  »<pawn  are  taken  to  Long  Island  Sound,  tbe  generative  products  are 
not  disuhargod  and  manj'  of  thpni  die  in  the  ai«r.'*e  of  the  season.  Tbe 
seed  obtjiined  fH)m  southern  ■'plnnts,''  however,  is  as  hardy  as  that 
ohtnincd  fiiini  the  "natives,"'  IVom  which  it  c«ii  not  bi-  distinguished  in 
either  nppmirancu  or  growth.  The  planting  of  sonthern  seed  oysters 
waa  formerly  an  inijiortant  industry  in  I^mg  Island  Sound,  but  it  has 
been  almost  witircly  supplanted  by  shell  eulture.  Each  spring  a  com- 
paratively small  nuuibi-r  of  (.'hesapeake  oyntera  are  set  down,  as  they 
have  been  found  to  fatten  earlier  in  the  fnll  than  the  native  stock. 
There  is  no  complaint  of  esceasive  mortality  among  the  "Virginia 
plants,"  and  it  is  claimed  tltat  they  spawn  freely  in  anmnier  even  if 
bedded  in  tbe  pretieiling  spring. 

8UWINU    THE   SEED. 

The  seed  oysters  are  usually  scattered  over  the  beds  from  boats  or 

scows.  C;irc  shuiilil  In'  exercised  tn  ;:et  tliorn  iis  er[niilly  distributed  as 
|i()ssililf,  lis  cxijcrit'iice  has  slumit  tliis  lo  he  advuiitiitrcons  to  their 
{jniwlli.  Ubfii  rlir.iwii  iiil"  liraps  iiiiiriy  ;uv  prrvcrit.-d  from  yetting  a 
pi'opcr  siiiiply  ol'  loud,  ami  the  <  rnwijiiifi  may  also  cause  irregiilanlies 
ill  tlic  sliiipc  .if  the  shells,  tlms  ■■.■liiiriii^'  tli.'i'r  inaikct  value. 

JtmnliT  to  scriirc  a  |iii)[iiT  ilisirihiitinn  (imt  a  bed,  it  may  be  nmglily 
niaikeil  cuit  itil,.  arras,  say  'iit  feet  sqiiaic.  in  cai'ii  nf  wliicii  an  equal 
amount,  c.t  seel  sluaihl  h.'  |ihiii:ril.  by  M'alKoint;  il  broadcast  with 
slmvels  cir  sroi.i.s  IVoin  Ihcbiiat  or  si<.«.  In  suhdividing  I  he  bed  a  lew 
rongli  stakes  or  buoys  tiia\  lie  iiseil  as  tempiiraiy  yiiiiles. 

AiJOthcr  mctlmd  is  1,1  arifhoi'  the  boat  iiiinii  the  bed,  distribute  the 
rciiiiireil  am.iimt  ot  seed  uv.>r  llie  area  wliieh  can  be  I'eaclicd  by  throw- 
iLij;  tlHM>ysters  IVoiii  a  shovel,  ami  then  move  on  to  the  next  station, 

where  the  boat  is  a^rain  aii<lioiv.l  and  tl jieraliuii  repeated.     When 

Ihe  sedw  is  em|.tieil  a  buoy  or  stake  may  lie  used  t.i  mark  the  position  of 
till- last  deiHisil.  and  ii|icrali<ms  ean  be  I'l'siimed  from  that  point  with 
tlie  next  boat  hiad.  I'.y  siieh  means  the  seed  is  lapidly  and  evenly 
spread  over  the  bottom. 

In  pliiuliii^''  'in  extensive  Ix'ds  whei.'  steam  power  is  used  the  seed  is 
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It  is  not  well  to  deposit  the  oysters  very  thickly.  About  300  to  600 
bushels  per  acre  appears  to  be  the  usual  amount  iu  most  places.  The 
ground  will,  of  course,  support  a  larger  number  of  yearling  seed,  but  as 
they  grow  larger  there  will  be  more  or  less  crowding  and  the  demand 
for  food  will  be  greater. 

In  certain  places  where  oyster-planting  has  greatly  increased  within 
recent  years  it  is  found  th«at  the  oyster  neither  grows  as  rapidly  nor  fat- 
tens as  readily  as  formerly,  and  it  is  supposed  by  many  that  the  quantity 
of  oysters  has  outgrown  the  ability  of  the  region  to  supply  them  with  food. 
The  matter  has  not  yet  been  investigated  and  the  factsin  the  case  are 
not  definitely  known,  but  the  theory  proposed  is  a  plausible  one  to 
account  for  the  difficulty  with  which  the  planter  is  beset  in  fitting  his 
stock  for  market.  It  is  well  known  that  when  the  seed  is  sowed  too 
closely  upon  a  given  bed  the  oysters  grow  and  fatten  more  slowly  than 
upon  less  thickly  populated  ground,  and  only  in  waters  exceptionally 
rich  in  food  can  the  quantity  of  seed  planted  exceed  with  safety  the 
number  of  bushels  stated.  When  the  seed  is  sowed  too  thickly  there 
is  also  a  tendency  to  distortion  from  crowding. 

WOBKINa  THE  BEDS. 

When  seed  oysters  of  good  quality  are  used  it  is  generally  not 
regarded  as  necessary  to  "work  the  beds,"  although  care  should  be 
taken  to  prevent,  if  i)os8ible,  the  inroads  of  enemies.  The  various 
methods  of  attempted  protection  from  enemies  have  been  discussed  in 
another  connection. 

It  is  sometimes  advantageous  to  dredge  over  the  planted  beds  to 
remove  debris,  seaweed,  etc.,  which  has  drifted  u])()n  tliem,  and  which 
of  itself  and  by  the  collection  of  sand,  etc.,  would  smother  the  oysters 
if  allowed  to  remain.  If  the  bottom  is  not  perfectly  fixed  it  may  be 
necessary  to  shift  the  oysters  during  their  growth  in  order  to  prevent 
"sanding,"  i.  e.,  being  covered  witli  sand,  etc.,  from  the  drifting  bottom. 

While  oysters  grow  most  rai)idly  upon  or  near  muddy  bottom,  they 
are  often  in  some  respects  objectionable  if  placed  upon  the  market 
directly  from  such  beds.  Some  planters,  therefore,  transplant  them  to 
hard  bottom  for  several  months  before  sending  them  to  market,  it  being 
said  tliat  this  improves  their  flavor  and  appearance  by  causing  the 
muddy  matter  in  the  gills  and  mantle  cavity,  as  well  as  in  the  intestine, 
to  be  gradually  cleared  out  and  disgorged. 

In  i)arts  of  Long  Island  Sound  mjiny  of  the  planters  take  up  a  por- 
tion of  their  stock  in  spring  and  transplant  it  to  such  ground  as  may 
be  available  in  the  bays  and  harbors.  Such  transplanted  oysters  fatten 
and  grow  more  rapidly  than  those  left  in  the  deeper  water  j  the  dift'er- 
ence  in  condition  is  manifest  to  even  the  inexperienced,  and  a  higher 
price  is  obtained  and  a  more  ready  market  found  for  the  "harbor 
plants."  The  area  available  for  this  purpose,  however,  is  insufficient  to 
pentdt  of  the  transplanting  of  more  than  a  very  Bmiall  prop^ 
the  "Sound  stock." 
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The  iKittuiu  from  nliieh  the  oyaUtrtt  have  bceu  ahifUHl  ia,  of  c 
uleaiistd  of  ruhbidh  when  the  oyatera  are  taken  up  aud  luay  be  at  once 
atilizud  IVir  freah  smkI.  Some  uy»I«rnicn  preter  tn  li^t  it  li«  idle  tur  a 
year,  suppoaiug  that  this  iiiereaseH  ila  titncsa  for  a  I'urther  urop,  but 
tliere  appearfl  to  be  no  good  reason  for  this,  thoagh  it  ni:iy  be  that  Ibis 
course  permits  of  a  recaperatioii  of  the  food  supply  on  the  fallow  Iieds. 

Th»  length  uf  time  during  which  Iba  plaiita  are  allowed  to  lie  depends 
Upon  th»  locHtioii  of  the  bedn,  us  allcioting  the  mpidity  of  growth,  upon 
the  aize  of  the  seed  planted,  and  n^ion  the  Judgment  of  the  planter.  Id 
many  pIuc«H  "yearling"  seed  will  lie  ready  fur  thi-  market  in  two  or 
three  years  after  Iwing  planted,  i.  c,  when  the  oyaters  are  ^  or  J  years 
old,  but  in  exr«i>tionally  favorable  lonalitieK,  Hiich  as  Jamai<:a  liay, 
Long  faland,  snch  seed  la  said  to  grow  to  marketable  size  iu  six  months 
or  a  year.  In  some  plac«s  it  is  said  to  now  take  a  year  longer  for  the 
oysters  to  matare  than  when  planting  waa  first  praetieod. 

As  large  oysters  bring  a  better  price  than  small  ones,  it  generally 
pays  to  allow  them  to  grow  for  a  year  or  two  after  they  reach  a  market- 
able size,  but  this  is  a  matter  which  tbe  planter  will  determine  for 
biinself,  &»  iMvnditions  vary  with  the  locality. 

As  the  planter  generally  wishes  to  harvest  a  portion  of  his  crop  each 
year,  it  is  customaiy  to  divide  the  beds  into  sections,  which  are  planted 
in  sncceasive  years  in  mich  a  manner  as  may  suit  the  plan  of  operations 
of  the  parliciiliir  giower  coficernetl, 

PLANTING  WITH   CULTCH  OR  STOOL. 

1'KKI.IMlNAi;i     c'ONSini-.ltAr  luKS. 

Tliis  nu'tliod  oinyHlci'ciLllitR-  is  Hint  wlurli  m;is  tirst  iulopted,  and  to 
itiiiLd  Us  iiioililii'iili.ms  wi'  iiiii-it  floiilitlcss  li.i.k  I.ir  I'riture  frrowlli  in 
tUi' oyslri'  iiiiiiislry.  The  iiiettnnl  of  planting'  seed  oysters?  imjirovos 
tlic  si/.c,  sliaiic,  ;iiid  llav.ir  i.l'  tlii'  jilatits.  and  tn  sonii'  v.vti'iit  Nicrpaws 
the  quantity  of  oy.stcrs  availabl.-  for  tii.'  niarUets.  hut,  nrvoilbclcss, 
luan.vot  thosLi  which  arc  iais,-d  In.ia  sci-d  dfrivi'd  tioia  tlj.'  i^atiira! 
l>..dsH,.,iIdliiivc.  readied  a  tuarkrlal.lo  ni/i- if  left  to  maain.  Momh.v.t. 
till'  iiatiiml  b.'ds  arc  ri.iw  l.t-in;;  dcjilclcd  at  :i  rajad  lalc  l.y  the  drain 
wlii.-h  has  been  made  ii|»m  tlicm.  N..I  uidy  arc  tbey  eoiupellcd  to 
sni.ply.iy.slcrs  fi.i- iriarkel.  bat  tlie  yoiin-  trniwtli  is  now  carried  otV  1" 
be  iilarilcd  .■Iscwljci'c.  As  llic  uiuiiber  of  spawiiin^n.ystcrs  on  the  beds 
is  reduced  and  as  tlie  spawners  l.i-c.ane.  mure  scaircred.  tlie  repn.duc- 
live  ca|,acily  of  tlic  beds  is  beinj,'  ji.werc.i,  aad  at  ti.e  same  time  the 
reiiuival  .it"  both  ovsteis  and  shells  leaves  lewei- i.oinis  of  attindiiiu-at 
for  the  yc.iiiiii  spat.  As  tlie  seed  prociaciu^'  power  ol"  tlic  nataral  beds 
becoiiies  lednced  fniin  these  variiais  .aiiscs.  the  pjxiiiter  laiist  have 
recourse  tn  ollrci'   iaclli,)ils    fnr  obtaiiiia-    liis  set  of  yoinig   oysters. 
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bnt  other  objects  accideDtally  dropped  overboard  would  often^  when 
recovered  a  few  weeks  later^  show  a  heavy  set  of  spat.  Naturally  they 
began  to  throw  objects  into  the  water  for  the  exi)re8s  purpose  of 
collecting  the  spat  and  thus  increasing  the  amount  of  seed  available, 
and  from  this  beginning  the  present  system  of  spat-collecting  now  in 
use  in  our  waters  was  developed. 

For  this  method  of  planting  it  is,  of  course,  essential  that  there 
should  be  in  the  vicinity  of  the  beds  spawning  oysters,  either  of  volun- 
teer growth  or  planted,  and  that  the  temperature  of  the  water  should 
be  between  68o  and  80°  F.  during  a  period  of  some  weeks'  duration. 

PREPAHING  BOTTOM. 

The  bottom  used  for  this  method  of  cultivation  should  be  firmer  than 
that  which  will  suflBce  for  bedding  well-grown  seed,  though  soft  bottom 
may  be  prepared  so  as  to  be  satisfactorily  used.  If  the  bottom  is  very 
soft  it  may  be  overlaid  with  gravel  or  sand  in  the  manner  before 
described  (p.  300),  and  upon  this  the  collectors  or  cultcli  may  be  depos- 
ited. In  a  moderately  soft  bottom  the  cultch  can  be  applied  without 
previous  preparation  other  than  to  clear  the  ground  of  all  debris  which 
would  interfere  with  working  it.  Hard,  gravelly  bottom  in  shoal  water, 
which  may  be  of  little  use  for  the  raising  of  adult  oysters  on  account 
of  the  absence  of  food,  may  prove  an  excellent  place  for -the  collection 
of  spat,  and  the  same  may  be  said  of  some  places  with  a  stiff  clay  soil. 

One  of  the  great  difficulties  in  spat-collecting  is  to  avoid  the  dex)osit 
of  sediment  ui)on  the  cultch,  as  an  amount  of  sedimentation  which 
would  have  no  effect  whatever  upon  the  adult  oyster  would  prove 
absolutely  fatal  to  the  young  spat.  At  the  time  of  attachment  the 
in&nt  oyster  is  about  one-ninetieth  of  an  inch  in  diameter,  and  the 
dei>08it  of  a  very  slight  film  either  before  or  immediately  after  the 
&lling  of  the  R]>at  would  be  sufficient  to  cause  its  suffocation.  It  will 
be  seen,  therefore,  that  a  soft  bottom  upon  which  the  large  oysters  will 
thrive,  or  an  amount  of  sedimentation  which  may  favor  the  rapid  growth 
of  the  adults  from  the  food  matter  which  it  contains,  will  effectually 
prevent,  in  many  instances,  the  cultivation  of  spat. 

OULTCH,  COLLECTORS,  STOOL. 

By  these  terms  is  understood  any  firm  and  clean  body  placed  in  the 
water  for  the  purpose  of  affording  attachment  to  the  apat  or  young 
oyster.  A  great  variety  of  objects  have  been  suggested  and  used  for 
this  purpose,  both  here  and  abroad,  and  some  of  these  will  be  now 
discussed. 

Oyster  shelh. — In  this  country  oyster  shells  are  the  oldest  and  most 
generally  used  form  of  cultch.  They  are  usually  merely  spread  ux)on 
the  bottom,  being  thrown  broadcast  from  boats  in  the  manner  which 
is  described  for  planting  seed  oysters  (p.  302).  When  the  bottom  is 
sufficiently  hard  to  prevent  the  submergence  of  the  shells,  it  is  custom- 
aiy  to  8{>r#ad  them  as  uniformly  as  possible  over  the  ground,  so  as  to 
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offer  rtie  largest  itvBilable  area  for  the  attaclimfut  of  the  spat.  Where 
tbt'  button!  ia  bo  aoft,  bowevor,  that  the  shells  would  tend  to  sink  before 
the  young  oysters  have  reached  a  sise  to  enable  them  to  successfully 
cambat  such  «onditiotiH,  it  is  preferable  to  surface  the  bottom  in  the 
manner  described  for  jilatiting  seed  oysters,  or  the  shells  may  be  Ihrowu 
over  8(1  as  to  fall  in  'lAt  heaps,  those  at  the  base  forming  a  foundation 
support  tor  those  alcove,  leaving  only  the  upper  shells  available  for  the 
Bet  nf  spat,  those  belovr  soon  becoming  buried  in  the  mud. 

Bhells  nuiy  )>e  pbtnted  in  all  di^pths  of  water  with  eqnal  facility. 
They  arc  cheap  and  readily  obtainable  in  all  nyeter  regions.  Clairi  and 
scallop  shells  are  also  used  in  the  same  luanner.  The  quantity  required 
to  properly  "shell "a  bed  depends  ujron  the  nature  of  the  bottom. 
When  the  ground  is  soft  a  larger  number  is  necessary  than  upon  hard 
^roniid,  be<-anse  in  the  former  case  many  become  buried  in  the  mnd  or 
coven'd  up  by  the  others,  whereas  in  the  latter  instance  they  all  bet-ouie 
available  as  collectors. 

Upon  soft  ground  some  planters,  instea<l  of  piepnrlng  the  liottom 
with  sand  or  gravel,  apply  a  layer  of  oyster  shells  a  wiupic  of  months 
before  it  is  time  to  distrilmie  the  oultch  proi)Cr.  TLuse  llrst  applied 
sink  ashortdistuneeintothemud  where  they  become  suspended  80  »s  to 
form  a  more  or  less  solid  substratum  which  supiHirts  the  cultch  applied 
later.  A  bed  so  prepared  nimalatos  the  uatural  banks,  which  in  most 
places  overlie  n  mud  lu'il  that,  in  its  ii|»p('r  jiorMoiis,  has  acquired  some 
consistency  and  flrmnesa  by  the  shells  lying  buried  in  it 

After  a  niiulily  hi'd  liiis  been  shelled  for  a  niimbfr  of  snecessivc  years 
it  will  be  fntiiid  to  bcc.uiir  cniilnally  linuer.  ICiicli  year  some  of  the 
pluiili'ii  Nhells  ht'ci.i.ie  r.iv.Tcil  up  and  are  let!  remaining  wlioii  the 
oysters  are  reiiiovcil  and  thus  it  happens  tiiat  the  bottom  of  a  well- 
haiiillcil  i.lanliiini;r.>iind  inii.ii.ves  with  use. 

Wli.-ii  tlic  .>yster  or  clam  sliclls  are  tUr.iwn  from  the  boats  they  will 
be  liunid  t»  fall  si.  ilial  Ihe  rnnve\  side  rests  upon  the  bottom.  Tlu-i'e 
isiiotliiiig  veiy  iciauikalilc  '<r  iiiex|ilicalde  in  lliis,  an  it  is  enlii'ely  in 
accordance  witli  ilic  onlinary  la"  s  oftiie  resistaih'e  .if  fluids  to  tlii?  pas- 
sji^'colasolid  1>."1\  llnon-li  them;  bnt  in  sowing  f  lie  shells,  however, 
it  is  im|..ir1ant  tliat  lliey  so  fall.  In  nmst  .'ases.  if  sucli  cultch  be 
CMiMiinnl.  it  will  lie  lonnd  iJiat  nearly  or  i|Tiite  the  entire  set  of  spat  is 
n]Kiii  I  he  convex  orlowci  side.  As  tliesliell  fulls  its  greatest  convexity 
rests  n]".n  the  l...it.iMi,  its  edge  being  hcM  clear  of  the  nnid  in  tlie  Corm 
of  a  ptrijccling  ledge  slicllered  on  ils  under  siile  from  the  snflocitting 
sediment  deposited  niniii  lln'  n]i]ier  suiface.  In  ordinary  situations 
lierlecllyllat  |.ieecs  of  Irle.  shalccte..  w.itild  be  vastly  inferior  to  shells, 
for  the  l.iwer  sniface  would  tie  close  (o  llic  l.iilloni  while  the  U|.]>er 
woidd  he< ■  c.v.-red  Willi  it  muddy  dc|M.sit  liom  llic  water,  between 
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and  oystermen  attribute  this  to  the  fact  that  the  shells  project  a  greater 
distance  above  the  bottom  and  that  therefore  the  fry  come  into  contact 
with  them  first  in  their  descent  for  attachment,  but  as  the  set  is  mainly 
apon  the  convex  side  of  the  shell  and  therefore  undsrneath,  it  will  be 
seen  that  the  true  explanation  of  the  superiority  of  the  shells  is  that 
given  above. 

The  quantity  of  shells  sowed  upon  any  given  bottom  will  depend  upon 
the  judgment  of  the  planter,  the  general  rule  being  to  sow  more  on  soft 
than  upon  hard  bottom,  for  the  reasons  before  stated.  The  usual  quan- 
tity appears  to  be  from  250  to  500  bushels  of  sliells  per  acre,  most  of  the 
planters  using  about  400  bushels  per  acre,  exce])t  upon  very  muddy 
bottom;  but  in  Long  Island  Sound  there  is  an  increasing  tendency  to 
use  greater  quantities. 

In  some  places  the  shells  may  be  obtained  for  the  cost  of  transporta- 
tion. This  was  the  general  rule  years  ago,  but  with  the  increase  in 
planting  a  charge  of  from  2  to  5  cents  per  bushel  is  now  made  for  them. 
Many  planters  who  operate  canneries  or  ship  "shucked'^  oysters  have 
ready  at  hand  an  abundant  supply  of  shells  for  use  as  cultch.  The  cost 
of  spreading  ranges  from  ^  to  2  or  3  cents  per  bushel,  according  to  the 
location  of  the  beds  and  the  cost  of  labor,  etc. 

The  principal  objection  to  the  use  of  oyster  shells  is  that  they  are  of 
such  large  size  that  many  more  spat  attach  themselves  than  have  room 
to  grow  and,  at  the  same  time,  they  are  so  strong  and  massive»that  it»is 
difficult  to  break  them  in  pieces  so  as  to  allow  for  the  expansion  of  the 
young.  As  a  consequence  many  young  oysters  which  have  successfully 
passed  through  the  early  stages  of  their  fixed  conditions  are  smothered 
or  overgrown  by  their  more  vigorous  fellows,  which  are  themselves  dis- 
torted by  the  crowding  to  which  they  are  subjected.  Many  are  thus 
wasted  which  would,  under  better  conditions  of  attachment,  have  grown 
to  a  marketable  size.    (Plate  ix.) 

For  the  reasons  mentioned  scallop,  "jingle,^'  and  other  fragile  and 
friable  shells  (plate  xviii,  figs.  1  to  0)  are,  when  they  can  be  obtained  in 
quantities,  to  be  preferred.  Such  shells  will  break  up  under  the  mutual 
pressure  exerted  by  the  oysters  during  their  growth  and  the  latter  will 
then  be  liberated  from  the  bunches  and  will  tend  to  grow  into  shai)ely  and 
desirable  forms,  with  a  smaller  rate  of  mortality.  When  the  currents  or 
waves  are  very  strong  such  frail  shells  as  jingles  may  prove  too  slight 
to  withstand  their  action  and  the  planter  using  them  may  find,  to  his 
surprise,  that  much  of  his  cultch  has  been  carried  away.  Upon  some 
portions  of  the  Pacific  coast  it  is  said  that  the  wave  action  and  the 
currents  are  so  strong  that  the  light,  thin  shells  of  the  native  oyster  are 
swept  away  or  thrown  upon  the  shore.  Otherwise,  and  for  the  reasons 
before  stated,  these  shells  appear  to  be  well  adapted  to  the  process  of 
sowing  and  they  can  also  be  obtained  cheaply  and  in  lanr» 

Other  methods  of  using  shells. — It  has  been  recommfi 
that  shells  of  various  kinds  could  be  strung  upa 
pended  In  festoons  from  stakes  planted  in  the  I 
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fiOnroe,  prevent  their  subinergeDco  iu  pltK'cs  where  the  mad  was  very 
eott,  btit  as  ea«li  shell  would  hnve  to  bu  separately  handled  it  will  bo 
found  that  this  muthod  is  too  cxjienaive  t<t  be  warranted  by  the  present 
condition  of  th«  oysti-r  biiHinesa.  Another  method  of  utihzing  oyster 
sheila  as  cultcb  is  treated  of  in  connection  with  the  subject  of  pond 
onltnre  (pp.  ;i22-330). 

Oravel  und  pebhh». — This  in  a,  fonn  of  eiiltch  which  is  much  favorwi 
by  Mio  planters  in  some  parts  of  Long  Island  Sonnd,  its  principal 
Advantages  l>eing  the  email  size  of  its  constituent  partides  and  its 
Oleanliness.  As  a  rule  the  pebbles  are  so  small  that  but  few  spat  fix 
themselves  to  each  (plate  xttii,  fig.  7)  and,  consequently,  there  is  littleor 
ao  danger  of  crowding.  Not  only  do  a  larger  proportion  of  the  young 
oysters  survive  their  infancy,  but  they  develop  info  dpe})er,  nior«  regular 
shapes,  are  fWto  ^ni  bunches,  and,  consequently,  bring  a  higher  price  in 
ttie  markets  Where  tJictrodu  iu  •■  shell  slock  "  is  large  the  shape  of  the 
OfsterH  is  a  consideration  of  imiiortance,  bat  where  only  shncked  oys- 
ters are  shipped  irregularities  in  shape  are  less  undesirable.  The  gravel 
b  more*  cleanly  than  shells,  because  it  iB  not  attaeked  by  the  boring 
sponge,  which  gives  rise  to  much  of  the  debris  found  uik>u  the  oyster- 
beds.  There  is  also  lees  liability  to  the  introduction  of  oyster  enemies 
than  when  shells  are  utilized. 

The  bottom  used  for  obtaining  a  ")>ebble  set"  must  be  firmer  than 
that  which  will  suftii'e  for  tlio  sowing  ol'  sliells.  tlm  grave!  being  heavier 
in  proportion  to  its  surface  and  therefore  more  liable  to  sink.  It  also 
presents  less  siirfai'c  iin  inmhly  bottuins,  where  tiie  pebbles  will  soon 
become  bnried  to  ilicir  einiators,  and  if  there  is  any  sedimentation  there 
is  left  no  surface  nvuihilile  for  the  altiiehment  of  the  fry.  Rounded, 
wnlor  worn  ]>cbl>Ies  are  usually  ]>referred,  such  ofl'ering  more  surfacf 
free  from  sediment  than  ll:it  stdiies,  Tliey  allonl.  perhapt^,  the  best  form 
of  cuUi-li  tor  use  ujion  lirm  bottoms,  when  there  is  snilicieut  current  to 
im'veiit  the  rapid  de]K>sit  i>f  sedimeiit.  It  is  observed  that  gravel 
beaches,  when  llicse  {■iniilititins.  obtiiin,  ;ire  often  the  must  valuable  of 
natural  spalting-gronmls.  In  some  places  gravelly  material  dredged 
from  harhoTs-  iiml  channels  iluring  the  improvement  of  waterways  is 
nsi'd  til  advanlajfc.  Crushed  stone,  avi'raging  about  the  size  ofa  wal- 
nut, is  also  nil  exrelleat  lolleetor.  <iravel  or  eriislied  stone  ia  generally 
miM-e  expensive  than  shells,  co-^ting  fnmi  .".  to  7  eeiLts  per  bnshcl.  The 
eiistoni  istosowfioni:.'.!  to:ni  i-ubn^  yaids  (from  r.liO^o  (i(lb  bushels)  ])er 
acre  when  used  alone,  but  a  smaller  i|uaulLty  if  shells  are  also  used. 

Si-niji  Ihi,  I'll,  i-iniif,  e/r. — In  ^aun-  jihu'cs  old  tin  rans  and  scrap  tin  of 
various  kinds  is  fouud  In  ^'ive  ^oiid  results  when  used  as  cnltcb.    l^ 
has  till*  advantage  of  bei'oniin),'  I'orruded  and  gnidnally  disc 
the  salt,  water,  thus  rehMsin-;  the  yllllll^'  oysters  l.efore  th«jjrj 
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might  have  some  advantage  on  muddy  bottom  where  there  is  a  rather 
rapid  sedimentation.  Such  cultch  is  light  in  proportion  to  the  surface 
presented,  it  would  not  readily  sink,  and  the  upper  half  of  the  interior, 
and  to  some  extent  the  lower  half  of  the  exterior  would  present  sur- 
faces protected  from  sedimentation  upon  which  the  young  oyster  could 
lodge  itself  By  the  time  the  can  disintegrated  the  oysters  would  no 
doubt  be  sufficiently  grown  to  withstand  the  action  of  the  mud.  The 
tin  is  distributed  over  the  bottom  as  in  the  case  of  shells  and  gravel. 

Brush  for  soft  bottom. — Where  the  bottom  is  so  soft  that  ordinary 
methods  can  not  be  used,  it  will  sometimes  be  found  that  fagots  and 
brush  make  most  efficient  collectors.  The  brush  is  thrust  firmly  down 
into  the  mud  in  such  a  manner  that  the  small  branches  are  at  some 
distance  above  the  bottom.  They  will  offer  a  large  surface  to  the 
water,  a  slight  current  will  tend  to  keep  them  free  from  destructive 
deposits  of  sediment,  and  in  water  well  charged  with  the  swimming  fry 
will  almost  certainly  yield  a  full  set  of  spat.  The  brush  is  lifted  at  the 
prox>er  time  by  means  of  a  crane  or  boom  and  windlass.  This  method 
was  used  with  some  success  at  the  town  of  Groton,  Conn.  The  seed 
was  left  to  grow  to  a  marketable  size  on  the  brush,  but  owing  to  the 
liability  of  the  large  oyster  to  drop  off  into  the  soft  mud  below,  it  was 
sold  as  soon  as  possible. 

Brush,  straw,  etc.,  may  also  be  used  by  collecting  the  material  into 
bundles,  sheaves,  or  fagots,  which  may  be  anchored  by  stones  or  sus- 
pended from  stakes.  As  it  is  usually  unnecessary  to  resort  to  such  very 
soft  bottom,  it  will  be  found  in  most  cases  that  shells,  gravel,  or  scrap 
tin  will  be  more  serviceable  and  satisfactory.  Brush  collectors  would 
be  difficult  to  use  in  regions  of  violent  wave  action. 

Other  collectors. — Many  materials  have  been  suggested  as  suitable  for 
collectors,  but  the  foregoing  ai)pear  to  be  the  only  ones  which  have 
proven  practical  on  a  large  scale  in  our  waters.  Tiles  and  roofing  slates 
arranged  in  various  forms  have  been  found  satisfactory  by  European 
culturists,  but  are  apparently  not  adapted  to  use  here  where  labor  is 
high  and  oysters  are  cheap.  These  collectors  will  be  discussed  in 
another  connection.  Pieces  of  bricks,  broken  pottery,  and  similar 
materials  may  suggest  themselves  to  the  planter  as  local  substitutes 
for  shells  and  gravel.  Hardwood  chips  and  bark  might  prove  useful, 
but  are  hardly  to  be  recommended. 

COATING  CULTCH. 

'  Tb  <iV0rocmie  the  difficulty,  which  has  been  mentioned,  of  the  set  ux)on 

dense  as  to  interfere  with  its  subsequent  growth,  it 

*o  coat  the  cultch  with  some  material  which  will 

^  mutual  pressure  exerted  between  the  grow- 

snitable  instrument.    This 

There  it  was  adopted  to 

»6  tile  collectors.    The 

(•shaped  instrument^ 
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Apparently  this  tuetbod  liaa  uever  beeu  use«l  ia  onr  waters,  but  where 
it  iR  iiei:ei<sary  to  use  oyster  sliells  for  uoltch  it  might  perhaps  be 
npplivd  to  iulvantUKe.  In  this  (lase  the  fry  could  not  be  economically 
(lutiK-bed  by  hand,  but  there  is  little  doabt  that  the  growing  oysterii 
wonid  autoi»ati(;ally  liberate  themselves.  Tbo  coatiug  nsfnl  in  Fraoce 
couslstH  of  Ik  mixtuie  of  sua  w»t«r,  lime,  and  nivnd,  or  hydnmlii^t  cement, 
"stirred  to  the  ouiiNietency  of  thick  ereuiii."  Various  forniola?  are  ased 
by  difl'urcat  cultunxts,  throo  of  them  being  us  follows: 

1.  One  part  qiUL'klimc,  ^t  parts  line  sand. 

2.  Une  part  <]utcklinie,  1  part  tine  gray  mud. 

3.  First  a  light  voatijig  of  quicklime,  and,  after  dryiug,  a  coat  of 
hydraulic  cement 

The  I'oatiiig  should  be  such  as  not  to  readily  wash  off,  yet  safficietitly 
brittle  to  flake  under  the  mutual  pressure  exerted  between  the  growing 
oyst«ri!i,  and  about  ^-mcb  in  thickness. 

For  convenientif  in  coating,  Dr.  Kyder  recommended  that  the  shells 
lie  placed  in  a  wire  basket  and  dipped  into  the  cement  vat,  the  mixture 
being  then  allowed  to  set  before  the  shells  are  used. 

(lEMEBAL   rONSIDEEATIOKS  ON  SPAT-COLLBCTING. 

Whatever  may  be  the  character  of  the  cultcb,  it  shonld  invariably 

be  clean  and  without  any  surface  deposits  which  might  tend  to  prevent 

the  lix^tion  of  the  spat.     For  the  same  reason  the  enltch  should  not 

be  placed  upon  the  beds  long  betbre  the  season  for  setting. 

In  ;ilMio>t  any  body  of  water,  oxi'cpt  where  the  currents  are  swift, 
tlicrc  is  iiii>n-  (n'  less  scdiuK'iitatioii,  and  it  is  obvious  that  the  shorter 
tlie  liitie  lliat  a  limly  is  exposed  to  surh  artion  the  thinner  must  be  the 
ile]"isit.  If  tlierultcli  is  [.lared  in  the  water  long  before  it  is  needed 
tlif  deposit  of  seiliiueiit  is  often  so  lliid;  as  to  stitle  tlie  ytamg  oyster, 
btit  on  tlii^  otlier  liaiid  if  llie  tirjie  l.e  well  lOiosen  a  practically  clean 
snifaee  is  pi'csented  and  a  ;;iicnl  set  is  more  likely  to  reward  the  planter. 
Tlie  lalliT's  aita  slmiild,  iheiefoie,  be  lo  determine  as  nearly  as  possible 
tin'  time  wliiai  tlie  inaxianiia  amount  of  spawn  falls,  and  to  so  regulate 
hisi>|).TaiiiMis  tliai  liis  .ult.'li  is  laid  .lowu  but  a  few  days  before.  The 
time  will  vary  soiiicm  hat  with  the  lorality,  and  if  there  is  no  local  expe- 
lie  may  be  eomivellcd  to  experiment  a  little 
lie  fur  exposing  his  collectors.  It  should 
!■  spawning  season  in  any  given  locality 
<iiitlis.  the  majority  of  the  oysters  spawn 
period,  usually  about  midway  between  the 

tors  are  exposed  be  well  chosen,  and 
selected,  the  planter  may  or  may  not 


rienceto  guide  tli 
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eqaal  amount  of  care  lias  beea  expended,  will  prove  utterly  sterile. 
While  in  many  such  cases  the  causes  are  not  known,  yet  the  experience 
of  planting  has  thrown  some  light  upon  the  matter.  It  is  known  that 
cultch  can  not  be  thrown  down  at  random  with  any  strong  expectation 
of  success.  The  water  is  not  everywhere  charged  with  the  swimming 
fry,  and  the  experience  of  planters  has  shown  that  they  are  often  dis- 
tributed in  streaks  or  belts,  which  appear,  to  some  extent,  at  least,  to 
be  conditioned  by  the  currents.  If  cultch  be  placed  in  a  current  it  will, 
other  things  being  equal,  be  more  likely  to  catch  a  set  than  when  in 
still  water.  Even  a  strong  current  does  not  appear  to  interfere  with 
the  fixation  of  the  young,  and  as  it  brings  a  greater  body  of  water  into 
contact  with  the  collecting  surface,  some  of  it  is  more  likely  to  contain 
fiy  at  the  stage  for  fixation. 

It  is  also  obvious  that  the  water  is  not  likely  to  contain  many  fry 
unless  there  are  spawning  oysters  in  the  vicinity,  and  it  is,  therefore, 
the  part  of  wisdom  to  locate  the  collectors  in  the  vicinity  of  natural 
or  artificial  beds  containing  mature  oysters.  Even  where  the  oysters 
are  so  scattered  as  to  hardly  pay  for  working,  it  will  be  usually  found 
that  there  is  sufficient  spawn  fertilized  to  provide  considerable  seed  if 
it  be  given  proper  facilities  for  attachment.  For  reasons  readily  seen, 
it  will  be  advantageous  to  locate  the  collectors  so  that  the  predominating 
current  sweeps  from  the  spawning  oysters  toward  the  collectors.  In 
some  localities  it  will  be  found  that  the  entire  set  occurs  in  the  tidal 
zone;  that  is,  in  the  area  between  low  and  high  water.  The  reason  for 
this  is  not  yet  fully  understood,  but  if  it  should  prove  to  be  because  the 
embryo  oyster  is  lighter  than  the  dense  sea  water,  and  therefore  can 
not  sink  to  the  bottom,  or  because  the  sedimentation  is  too  rapid 
below  low- water  mark,  or  almost  any  other  reason  except  the  softness 
of  the  bottom,  then  the  cultch  must  be  confined  to  the  area  between 
tides  if  it  is  to  be  efi'ectual  as  a  collector  of  spat.  The  most  careful  and 
uniformly  successful  oyster-culturists  do  not  depend  entirely  upon  the 
spawn  derived  from  neighboring  beds,  but  usually  distribute  over  the 
spatting-beds  a  number  of  mature  si)awning  oysters  in  the  proi)ortion 
of  30  to  GO  bushels  per  acre,  these  being  usually  put  down  before  the 
cultch,  so  that  the  oysters  will  become  to  some  extent  acclimated  before 
the  spawning  season. 

As  the  cultivated  area  increases  it  becomes  unnecessary  to  use  so 
many  brood  oysters,  and  in  some  places  where  they  were  formerly  used 
reliance  is  now  placed  solely  upon  the  floating  fry  derived  from  the 
mature  oysters  on  neighboring  beds.   Upon  theoretical  grounds  it  would 
appear  to  be  preferable  not  to  scatter  these ''  mother  oysters'^  too  widely. 
There  would  seem  to  be  greater  certainty  of  fertilization  when  the 
oysters  are  grouped,  and  there  are  ample  time  f 
for  securing  distribution  over  tlie  beds  in  ' 
The  embryo  exists  for  a  period  as  a  firee-* 
that  time  it  may  be  carried  considerable  i 
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iiiiti  by  tbe  actiuii  of  tlio  cnrreDtn.  Oq  the  irriicr  )ri»(),  tliH  c^gK,  untl 
eNpecinlly  tbn  RiH^riiiittuztiu,  will  prottably  die  naloas  they  fulfill  tbeir 
deatiny  wJtUiii  h  niacli  nburt^ir  period,  and  llie  wmner  tbey  are  brouglit 
into  contact  with  une  an<>tb«^r  the  better,  aud  thn  Hina])<<r  tbe  bnllc  of 
water  tliriiii^b  which  tbey  iire  »t  first  distributed  the  lnrf:tir  Ibe  number 
which  will  fM'cuniplittb  snrceHBt'nl  iinum. 

V\mn  thuoe  ootntiderationa  ia  butted  tlu^  iwtvic>o  not  to  itcuttcr  the 
"mt'tber  oysterB"  too  widely.  Fifty  bu!<be)«  of  oysters,  250  to  the 
bushel.  HCMttered  evenly  over  an  acre  would  allow  one  oysttT  in  every 
22i  linear  inchSH  in  each  direction,  plenty  near  enough  if  tbey  were  to 
all  npawn  at  one  time,  bnt  ft  mttet  be  rumeinbered  tbat  tbe  proportion 
ripe  at  any  one  time  Is  not  no  large,  and  tht^re  Im  a  posnibility  of  oil  of 
the  oyntern  over  a  conitidiTitblu  fipace  beint;  of  one  sex. 

The  '•  (not bor  oystflrs"  used  for  tlit«  purjiose  are  preferably  obtained 
ttom  the  uoighborboo<l  of  the  plautinggrountL  It  ban  been  remnrktHl 
in  another  connectiou  tbat  transplantinf;  mature  oyat^r^,  eepevially 
from  a  warmer  to  a  eolder  region.  luay  have  tbe  effect  of  cbetTlcing  tbe 
developmeut  of  the  genital  prodacls.  and  J>r.  Ryder  hss  eoDimeutMl 
upon  the  fact  tliat  the  Hpermatozoa  of  ripe  oyslertt  are  killed  bj  being 
diangeil  to  mncli  denser  or  warmer  water  than  that  in  which  they  have 
been  living.  The  endeavor  shoald  be,  therefore,  to  study  the  cod- 
dition.*  'HI  the  [ilantiug-^rounds,  and  to  procure  the  Hpawners  from 
beds  as  nearly  aa  possible  similar  in  tbe  conditions  of  temperature  and 
deiistty.  Where  this  cDnsideration  ran  not  be  closely  followe<i,  as  for 
instmn-i-  iu  tin'  sliiiJiiifiit  of  caittcrii  (jysteis  to  places  (ni  the  l'a<'itic 
<'oiist.  tlif  bi-ooci  i.ystfrs  sliouM  be  sent  duriti;;  tli^  fall  jn-efcding  tho 
season  at  wliirli  tin*  ciiltrli  i.i  to  be  put  d(nvu.  Tlicy  will  tlicn  be  prctiy 
well  <lisK'irt,'<-'l  of  tlit-ir  I'ii.c  peiiital  pnidnrts  and  the  time  iiitervoiiiti;: 
lioloiT  till'  rit-Nt  jn'rioil  of  sexual  activity  will  [irobably  be  sutlicient  to 
accliiiiati/.e  tiieiu. 

WDKKIMi    iiiv.  n!;i>K. 

Mi^ny  |il;iiiti'i«  arc  rontcnt  to  allow  tJLcir  beds  to  remain  unworked 
iMilil  lUey  an-  lea.ly  to  uiarkct  tlieir  <to|..  wheljier  lliis  be  one,  two, 
three,  or  riii.rc  yi-iirs.  In  some  instaii.es  lliis  may  lie  MatisfiM-lory,  but 
nften.Miid  i»-ilia|is  iiHually.  it  is  better  to  ;;o  over  tlie  beds  with  tongs  or 
.Ireii-r.-.  eleaiiin^' up  the  .lel>iis  and  -ejiaratin;;  tlieoyelcr  eliistcrs  <ii- 
even  ill  some  easrs  reuH.viii;:  the  Need  to  hiealities  in  wliieh  the  ooinli 
tf.iiis  are  mi.iv  favorable  lor  rii|.ici  (jrowtli.  Cor  ill  m;iiiy  eases  the  best 
spjiKtii;;  ;;niiiiids  an-  noi  Ihi-  innst  tavorahle  tor  siibsei|ueiit  growth. 

Tlie  slii^'e  at  wliieli  tiie  iilanter  will  lliid  it  most  [irolitiible  to  sell  bis 
oysters  will  ileiic?iii  niiieh  u|i"ii  ein-uiiisliuiees.  Sometimes  the  set  of 
sjiat  will  he  ;;reati4  than  (rould  lie  ad\  antaf;eiins!y  jri-owii  upon  tbe  area 
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niitoward  conditions.  In  many  cases  it  will  pay  the  planters  to  spe- 
cialize,  some  raising  seed  for  sale  to  others  who  devote  their  capital  and 
enterprise  to  the  work  of  raising  the  oysters  to  a  marketable  size. 

Even  if  the  oysters  are  to  be  left  upon  the  spatting-bed,  it  is  often 
better  to  work  over  the  ground  during  the  first  year,  removing  the 
debris  and  breaking  up  the  clusters  of  young  oysters,  so  as  to  insure  a 
greater  survival  and  superior  shape.  As  has  been  already  mentioned 
in  treating  of  the  planting  of  seed,  it  is  often  advisable  to  shift  the 
oysters  to  other  ground  during  the  last  few  months  before  marketing 
in  order  to  fatten  them,  improve  the  flavor,  and  cause  the  gradual  dis- 
gorgement of  mud  from  the  intestine  and  mantle  chamber. 

A  keen  watch  should  be  kept  at  all  times  to  detect  the  presence  of 
enemies,  some  of  which  may  be  with  more  or  less  success  combated  by 
the  methods  mentioned  on  pp.  313-319.  The  spatting-beds  are  espe- 
cially subject  to  the  attacks  of  various  enemies  which  find  in  the  vast 
numbers  of  thin-shelled  young  an  abundant  and  readily  obtained  food 
supply.  The  starfish,  especially,  at  times  appear  in  vast  schools  or 
swarms,  and  often  a  bed  is  almost  completely  destroyed  before  the 
planter  is  aware  of  what  is  taking  place. 

PROTECTION  FROM  ENEMIES. 

In  the  case  of  most  of  the  enemies  of  the  oyster  it  is  impossible  to 
indicate  efficient  means  of  protecting  the  beds  from  their  inroads.  The 
impossibility  of  knowing  at  all  times  the  exact  conditions  prevailing 
upon  the  bottom,  the  suddenness  with  which  many  of  the  enemies 
appear  upon  the  beds,  and  the  insidious  character  of  their  attacks  all 
add  to  the  difficulty  which  the  planter  finds  in  preventing  the  destruc- 
tion of  his  property. 

PROTECTION  FROM  FISH. 

It  is  possible  to  protect  oysters  in  shallow  water  from  the  attacks  of 
fishes  by  surrounding  the  beds  with  palisades  of  stakes  driven  into  the 
bottom  at  sufficiently  close  intervals  to  prevent  the  passage  of  fish 
between.  Upon  the  zVtlantic  coast  the  inroads  of  fish  are  not  suffi- 
ciently formidable  to  reciuire  such  protection,  although  the  drumfish 
causey  some  loss  to  planters  in  the  vicinity  of  New  York.  Upon  the 
Pacific  coast,  however,  and  especially  in  San  Francisco  Bay,  stockades 
are  necessary  to  prevent  the  absolute  destruction  of  the  planted  beds 
by  the  stingray,  tlie  stakes  being  driven  at  intervals  of  about  4  inches. 
It  is  necessary  to  keep  the  inclosure  in  good  repair,  as  a  school  of  rays 
entering  through  a  small  breach  may  utterly  ruin  the  bed. 

PROTECTION  FROM  STARFISH. 

Many  methods  have  been  suggested  for  combating  this  destructive 
enemy  of  the  oyster,  most  of  them  being  of  no  practical  utility.    Bar- 
riers are  utterly  useless,  for  the  very  small  starfish  are  among  the  m 
destructive  and  the  largest  ones  are  able  to  pass  through 
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etidi  Bnmll  dimeustuDs  thnt  it  is  impracticnble,  t'nr  iiinnifeBt  reasous,  to 
baild  a  barrivr  no  close  in  etructuro  as  to  exclude  tbem.  Some  attempt 
baa  been  made  to  cat«b  them  iu  traps,  made  oi'  laths  and  biiited  witb 
flah,  crab  meat,  cUuiiM,  eUr.  Tb<>He  traps  are  constructed  aud  tended 
like  lobster  {totH,  and  wbilu  it  bits  been  found  that  the  starfish  can  be 
taken  through  tlioir  agency,  the  method  is  too  laboriuns  and  inefficient 
to  be  Hswl  for  the  pn>t<ttition  of  extensive  beds.     Various  devices  for 

latching  stafflab  have  been  patented  from  time  to  time,  but  none  uf 
them  appear  to  have  been  of  practical  value. 

ITpon  the  theory  tliat  tie  startlsli  prefers  the  mussel  to  the  oyster  aa 
foo<l.  it  has  been  projMised  to  surround  the  oystt-r-beds  with  a  growth 
luiKticlit  with  the  expectation  that  tbe  starfish  will  not  pass  over  the 
mussel  bed  to  obtain  the  less  desired  oysters.  Investigations  iu  Long 
Island  Sound  show  that  this  expectation  is  not  realized  in  practice, 
and,  moreover,  io  favorable  locations,  the  growth  of  mussels  is  so  rank 
that  they  themselves  become  a  menace  to  the  planter  by  overgrowing 
his  beds  and  snRbcating  the  oysters.  This  method  of  protection  is  also 
wrong  in  principle,  for  by  supplying  the  starlish  with  additional  food 
wo  better  Hs  conditions  and  thereby  aid  iu  increasing  its  numbers. 
For  catching  starlish  some  planters  use  the  ordinary  oyster  dredge, 

m  implement  which  has  some  advantages  wheu  it  is  desired  to  cull  the 
stock,  hut,  in  general,  it  involves  unnecessary  labor  and  also  crushed 
and  kills  nmnyyounfr  oysters.  A  ti>,'lilor  dredge  of  similar  iviisliui-tion 
is  also  used,  and  on  the  shallow  beds  tongs  may  be  sometimes  employed 
ti)  adviiiitiige. 

The  oysti'i-  ;;riiwi'rs  of  Tiong  Island  Sound,  who  luivc  had  more  expe 
ri<'i]<-e  in  li;:htin^  starlish  than  ilmsu  of  any  other  seclion,  find  that 
etcrnjd  vi;;ilaJi<c  is  tlie  jirice  wiiifh  tlicy  rimst  piiy  lor  even  the  coiiipnra- 
tivc  salcly  of  iln-ir  lieils.  The  beds  arc  .losrly  watched  and  worked 
over  with  dred;;i's  and  taiifjh's.  Tn;;K  art'  ke])t  inoi'i'  or  less  constantly 
at  worl;,  and  all  staili^lics  tak.-ii.  eitlier  in  tin-  i.nliimry  work  of  oyster 
(in-d^'iit^r  oi-  diiiiiifr  "srajTin^-."  ai'c  i-aiffnlly  ilestmycd.  Thousands  of 
biislicls  arc  caTij;lit  duriiij;  Ilic  year  and  nincli  money  is  exjicnded  in 
llie  work,  the  LTsiilr  lu-ini:  lliat  many  beds,  tlir.nigli  timely  and  uncea.s- 
iiif;  atti'uliiin,  :uc  saved  t'limi  niter  dcstniclion.  The  tangles  or  niojis 
etiijiloyed  are  an  adii])talii)ii  of  a  deviifc  hnip:  n.seii  by  naturalists  for 
riillecliiig  spiny  forms  from  the  sea  lioltom,  and  their  use  in  liKlilinji 
Die  stardsli  was  lirst  sug^^ested  by  tiie  I'niled  Hlatcs  Fish  (.'unimissioii. 
They  .onsist  essctitially  of  an  iion  bar  to  whii-li  small  chains  or  wires 
arearta.'lied  at  intervals  olabunt  a  (... 
eetton  waste,  or  simihir  mateiial  beiii 
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12  or  14  inches  iu  diameter,  at  or  near  each  end  of  the  bar.  These 
hoops  ride  over  the  bottom  like  rannera  and  the  crashing  surface  is 
tbas  mnch  rednced.  The  general  construction  uf  theee  tangles  is  shown 
in  cut  2.  The  weight  aiipearn  to  be  unnecessarily  great,  all  tliat  is 
actoally  requiretl  being  that  which  is  sufficient  to  hold  the  tangles 
upon  the  bottom  when  in  motion,  a  condition  which  is  largely  insured 
by  the  sagging  of  the  chain  used  in  towing. 

A  vessel-owner  at  New  Haven,  Capt.  Thomas  Thomas,  who  has  been 
very  saccessfnl  in  "starring,"  unes  a  much  ligliter  tangle  conatrncted 
as  follows:  To  a  half-inch  chain,  about  S  feet  long,  stont  wires  12 


Tan;,]. 


CcT  3.— Tackle. 


or  14  feet  long  are  attached  at  regular  intervals,  and  to  these  wires 
are  fastened  mops  or  swabs  of  cotton  waste.  The  chain  is  securely 
lashed  to  a  bar  about  7  feet  long  by  IJ  inches  wide  and  half  an  inch 
thick,  provided  with  a  bracket  and  eye  for  the  attachment  of  the  drag 
chain,  as  shown  in  cut  2. 

When  in  use  this  tangle  covers  an  area  about  7  feet  wide  and  13  feet 
long,  forming  a  dense  mat  of  snarled  cotton  threads.  One  of  these  is 
towed  on  each  side  of  the  vessel,  like  a  dredge,  and,  sweeping  over  the 
bottom,  entangles  the  starfish  with  which  it  comes  into  contact.  The 
length  of  time  during  which  the  mops  are  towed  d«v^%49b  -^^^cn.^ 
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Abundance  of  llie  starn,  being  gre*Hi?r  when  tboy  ar«  fcw  than  wbeii 
thflyjirevlenty.  The  nUrflsli  are  killed  l>y  Iwing  momentarily  iaimerstd 
ill  a  timk  of  lioiliii;;  wittvr,  the  hatli  l>6ing  Ite.'ited  by  a  Ht«am  taji  4^00 
nected  with  the  boiler.  Th«  Unks  are  ftbont  T  feet  long  by  about  18 
iiivht^  widu  and  det-p,  and  are  located  one  on  each  nide  of  tho  main 
deck,  just  inboard  of  the  roUor  over  whit-ii  the  tanglo  chain  runs.  T« 
fw:i]itate  the  iuiniiirsion  and  handling  of  th<^  tangles,  a  davit,  with  block 
»nd  fall,  iti  rigged  on  the  burrivane  deck  over  the  tank,  as  sbovti  in 
cut  3.  A  Inuyard  in  rove  through  an  eye  welded  to  the  back  of  the 
hook  ou  the  fait  and  the  other  end  is  fastened  to  the  davit,  it<-<  le.ngth 
being  so  adjusted  that  the  hook  is  antoinatiealty  triptted  by  the  weight 
of  the  tangle  when  the  hauling  part  of  the  tackle  is  eaeud  and  the  mops 
lowered  to  near  the  surface  of  the  water. 
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PBOTSCTION  FBOM  DB1LI3. 
Ko  method  of  provud  efficiency  lias  yet  been  devised  for  protectiag 
oyster-beds  from  tbe  inroads  of  tlie  drill,  but  by  systematic  attentioD 
BometbiDg  could,  no  doubt,  be  done  to  lessen  its  destructive  effects. 
In  calling  tbe  oysters  brought  up  in  the  dredge  or  tongs  care  should 
be  exercised  to  destroy  tlie  drills.  Most  of  them,  however,  will  pass 
throngb  the  inteivula  of  the  ordinary  oyster-dredge,  and  to  obviate  this 
a  finer  bag  might  bo  used  within  the  dredge.  This  could  be  nsed 
eBpecially  iu  cleaning  up  the  beds  preparatory  to  planting.  It  should 
be  remembered,  in  this  coiniOLtiun,  that  it  is  possible  to  infect  new 
gronnda  with  the  drill  by  its  transportation  thereto  with  the  seed.  The 
deep-water  beds  of  Long  Ishiiid  Sound  have  of  recent  years  suffered 
more  and  more  from  this  pest,  and  it  is  supposed  that  this  is  accounted 


Cl'T  5. — Drill-ilrmlge  <i|ieD  fur  emptying. 

for  b;  the  use  of  seed  front  the  drill-iufestcd  beds  iu  the  lesR  saline 
inshore  waters.  The  iiso  of  tanglua  for  catching  starfish  also,  no  doubt, 
aids  in  the  distribution  of  the  drills  by  dragging  them  from  place 
to  place. 

The  most  promising  method  which  has  yet  been  jtroposed  for  catch- 
ing this  enemy  is  the  invention  of  Capt.  Tlionias  Thomas,  of  New  Haven, 
Oonn.,  who  has  applie<l  for  letters  pateut  thereon.  It  consists  of  a  rec- 
tangular frame  of  iron  bars  about  4  feet  long,  ~  feet  wide,  aufl  18  or  20 
inches  deep.  The  bottom,  eridH,  and  rear  are  covered  with  an  iron  wire 
screen,  having  a  mesh  of  about  half  an  inch,  the  top  and  front  being 
left  open.  To  the  np])er  rear  edge  of  the  frame  is  hinged  a  stout 
wire  screen  of  about  1-inch  mesh,  its  length  being  snch  that  it  may 
fall  between  the  ends  and  its  breadth  being  ei|ual  to  the  diagonal 
of  the  end  pieces  when  in  place;  therefore  it  extends  from  the  lower 
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front  edge  to  the  iipiior  reav  ^^ge  of  tLe  Arnme.  Attwbetl  to  the 
lover  front  bar  is  a  liroiiil  bliule  of  iron  or  st^oi,  inclined  soiiiewliat 
downward  iiud  forward  from  thi?  plane  of  tbe  bottom  of  the  box.  The 
whole  is  attached  to  a,  dredge  frame,  to  which  the  chain  used  in 
drugging  is  ma«Io  fast.     (See  cat«  4  and  5,] 

Wlieii  this  appliance  is  dragged  over  the  tHittom  the  oysters  and  other 
inhabitant«of  the  beds,  together  with  Hhulls  and  debris  of  all  kindu, 
are  lifted  from  their  resting-plnc^s  by  the  bliwle  and  deposited  ai>oD  the 
iuclitied  screen  or  apron.  The  motion  of  the  trap  and  Ihe  pressure 
exert«d  hy  the  accnmulating  material  in  front  gradually  pass  the  mass 
baclcwnrd  a<^rost)  the  screen,  the  smaller  |>articles,  drillB,  etc.,  sifting 
into  the  box,  while  the  oysters,  being  too  largo  to  pass  throngh,  finally 
fall  over  the  edge  behind. 

By  this  means  the  varied  material  on  the  beds  nndergoes  a  pro<-e«K 
of  screening,  the  oysters  being  autoiaatically  returned  to  the  bottom, 
vhile  a  large  {lartof  the  debris  is  held  and  brought  to  the  surface. 
That  the  device  will  accomplish  this  has  been  demonfitrated,  but  whether 
the  drill  can  be  encceHsfully  fought  by  this  means  has  still  to  be  showu, 
although  the  prospects  are  favorable. 

rUOTBCTIUN   FROM   WINKLES. 

The  eoncbs  or  winkles  have  never  been  a  serious  menace  to  our 
oyster  beds.  Tlieir  smiill  numbers  and  Jarse  f.i/e  anil  the  laige  siice  i>f 
their  egg  cases  make  it  possible  to  snccessfully  fight  them  by  destroy- 

iiip  ;lII  winkles  and  i.-ixp,  imscs  linniKJ't  up  in  tlie  pio<'Oss  of  dredging  or 
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Tlie  growth  of  sprmgew,  liy<lniiiis.  eii„  wlieu  .-^i.  rank  ns  to  threaten 
tliewelfmeof  Die  oysters,  tnny  ho  kept  ilnun  ].y  working  ovei-  the  beds 
with  the  oyster  died^'eiuidenllirit,'. lilt  the  .l,-l,iis.  A  thoroiifili  eleaiiing 
npof  the  ^roujtd  before  phmtin-  :uu\  llie  use  of  dean  seed  and  cnlieh 
go  fill-  toward  Ihe  prevention  of  troiihli-  IVmiii  (his  sonree. 

I'LidrKCTliiN    l-ltitM    STIiOMi    \K(:K'l\m.K    liHOWTIIS. 

In  iilai'es  wliere  eeltrrass  {Z-strni).  etc.,  grow  so  ra[)i(ily  as  to  cause 
stagnation  of  tlie  water  anil  siilVoeadoii  of  the  oysters  some  means  must 
I)ea(lo]iled  tor  ils  reninval.  Sonietiiiies  it  rnay  be  removed  with  an  ordi- 
nary si'ytlie  ill  low  water.  A  j;niwer  in  New  Jersey  has  invented  for 
this  purpose  what  has  lieen  leiineil  an  '-aiinatir  mowing  ma<:liine," 

Itisdeserihi'il  as  liilhuvs; 
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acconnt  of  the  diffioalty  of  cutting  grass  growing  under  water,  he  invented  in  1885 
and  has  since  ased  a  device  which  may  he  termed  an  aqnatic  mowing  machine. 
The  machine  is  rigged  on  a  square-ended  scow  20  feet  long  by  8  feet  wide.  On  the 
fiirward  end  of  the  soow  is  snspended,  by  a  framework,  a  double  set  of  knives,  each 
set  being  similar  to  those  of  mowing  machines  used  by  agriculturists.  The  object 
in  having  double  knives  is  to  enable  the  machine  to  cut  when  moving  backward  as 
well  as  when  moving  forward,  thus  avoiding  the  necessity  of  having  to  turn  the 
scow  around  when  the  end  of  the  swath  is  reached.  The  knife  bar  is  12  feet  long 
and  consequently  cuts  a  swath  12  feet  wide.  The  power  of  propelling  the  machine 
is  snpplied  by  a  G-horsepower  high-pressure  condensing  engine,  which  is  located  in 
the  middle  of  the  scow.  A  lino  1,000  feet  in  length  is  passed  with  three  turns  around 
a  winch  head  and  drawn  taut  by  an  anchor  at  each  end,  placed  a  short  diHtance 
beyond  the  extreme  boundaries  of  the  area  to  be  mowed.  It  is  held  in  position  by  a 
fair-leader  or  chock  having  a  shive  on  each  side  similar  to  the  shive  of  an  ordinary 
tackle  block.  The  shives  facilitate  the  passage  of  the  line  through  the  leader  by 
lessening  the  friction  and  correspondingly  decrease  the  wear  upon  it.  The  leader 
or  chock  is  placed  on  the  forward  end  of  the  scow,  and  not  only  serves  to  hold  the 
line  in  position,  but  also  keeps  the  scow  straight  in  its  course. 

When  the  engine  is  started,  the  winch-head  revolves,  and  the  pressure  of  the  line, 
encircling  it  in  three  turns  tightly  drawn,  forces  the  scow  through  the  water.  The 
rate  of  speed  at  which  it  can  be  operated  is  1,000  linear  feet  in  5  minutes,  thus 
enabling  it  to  mow  an  area  of  2,000  square  feet  or  more  per  minute,  or  1  acre  in  from 
20  to  22  minutes,  making  allowance  for  time  spent  in  moving  anchors  or  otherwise 
adjusting  the  machinery. 

When  fitted  for  work,  with  coal  and  water,  and  manned  with  three  men,  inclnding 
an  engineer,  which  is  the  number  requisite  to  operate  the  machinery  and  attend  to 
shifting  the  anchors,  the  draft  of  the  scow  is  about  8  inches  of  water.  When  the 
anchors  have  once  been  adjnsted,  several  swaths  can  be  mowed  before  they  reqnire  to 
be  shifted  over  toward  the  uncut  grass,  as  the  lino  can  not  easily  be  drawn  so  taut — 
nor  does  it  need  to  be^as  not  to  allow  the  scow  to  bo  moved  (pushed  with  a  pole) 
sidewise  for  a  short  distance.  When  necessary,  the  anchors  are  shifted  by  the  nse  of 
a  small  boat.  Thus  the  scow  is  guided  back  and  forth  across  the  lot,  cutting  the 
grass  with  equal  facility  in  both  the  forward  and  backward  movements.  When  the 
grass  is  cut,  it  floats  to  the  surface  of  the  water  and  is  carried  away  by  the  current. 
The  knives  are  set  in  motion  by  a  vertical  iron  shaft  which  passes  through  a  hori- 
zontal cogged  wheel.  This  wheel  is  geared  to  a  pulley  which  is  run  by  a  belt  from 
the  engine.  The  vertical  shaft  is  so  aiTanged  as  to  slip  up  or  down  in  order  to  gauge 
the  machine  to  any  depth  of  water  within  the  range  of  its  capacity.  The  extreme 
depth  of  water  in  which  mowing  can  be  successfully  done,  as  it  is  now  adjusted,  is 
about  8  feet.     It  could  doubtless  be  so  arranged  as  to  operate  in  deeper  water. 

If  there  are  no  obstacles  in  the  way,  the  grass  can  be  cut  within  1  inch  of  the  bottom. 
If  there  are  oysters  on  the  ground,  some  allowance  for  that  fact  has  to  be  miide, 
and  while  the  grass  can  not  be  elieared  so  close  to  the  bottom,  it  can  be  mowed 
snfficiently  close  to  the  oysters  to  answer  all  practical  pnrposes.  The  only  thing 
requisite  is  to  mow  it  short  enough  to  preclude  the  possibility  of  any  large  ciuantity 
of  sediment  settling  in  it  and  choking  the  oysters.  This  object  is  easily  attainoil,  as 
grass  a  few  inches  long  will  not  injure  the  oyster  crop.  It  is  when  its  length  is 
measured  by  feet  and  it  is  filled  with  sediment  that  it  becomes  dangerous. 

In  the  locality  where  tliis  machine  is  used  the  water  is  about  6  feet  deep.  It 
has  been  cnstomary  i-o  mow  the  oyster-beds  quite  frequently,  five  or  six  times, 
perhaps,  during  the  giowing  season,  from  the  first  of  May  to  the  last  of  October.  The 
result  has  been  that  tracts  of  bottom  that  would  have  otherwise  been  worthless  for 
oyster-growing  purposes  have  been  converted  into  beds  as  ])roduetive  as  any  in  the 
river.  The  cost  of  building  a  similar  machine  is  estimated  by  Mr.  Allen  to  be  from 
$450  to  $500.* 


*  Hall,  Ansley,  Rept.  U.  S.  Fish  Commission  1892,  pp.  477  and  478. 
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It  infty  be  Advisable  In  some  pluce?  to  reduce  the  density  in  the  ponds 
below  that  of  the  ojteii  wat«n<.f  as  it  ia  well  knowu  that  the  more  brack- 
ish waters  are  generally  most  fovorable  to  the  rapid  maltiplication  of 
diiitoina  and  other  niinat^  vegetable  forms  vabiable  to  the  oyster- grower. 
Experiment  could  be  made  to  demonstrate  approximately  the  best 
density  for  the  pnriwae,  and  where  the  witter  supply  is  under  control 
the  pond  could  he  maintuincd  nt  nearly  or  i|mte  the  degree  of  salinity 
requiriMl,  The  ordinary  gurfave  drainage  into  many  natural  »-M  [wnds 
is  Hufticient  to  redaoe  tbo  density  below  the  level  in  the  main  waters, 
aiid  by  merely  reifalating  the  inflow  of  sea  water  the  grower  will  prob. 
ahly  tind  that  almoNl  any  degree  of  braekishnees  may  be  maintained  at 
will.  Such  i)ondH  will  bo  found  to  possess  all  the  reqniremeats  for  the 
production  of  food  in  abundance,  the  deuaity  will  be  farorahle,  their 
(thallowneHB  will  cause  them  to  warm  early  in  the  season,  and  thus 
stimulate  the  growth  of  microscopic  vegelatiou,  and  their  immunity 
from  the  intbieiiceti  of  tides  will  prevent  the  caiTying  away  of  the  food 
which  they  produce. 

There  we,  of  course,  many  places  where  the  natural  conditions  for 
the  production  of  oyster  food  are  all  that  could  be  desired,  and  there 
pond  <!nltnro  would  donbtleso  be  unnecessary,  but  in  other  localities, 
such  as  are  mentioned  at  the  beginning  of  this  section,  it  seems  to  offer 
the  most  promlHing  Reld  for  expei'iment.  ^^^^ 

BREEDING  OYSTERS  IN  PONDS. 

While  ill  sdiiiooCour  iilosi  iuipin'taut  plaTitiuK  regions  there  is  rarely 
any  dilticulty  iit  ,.lil;iiiiiiig  s,>eil  .)ysteLs,  then-  are  places,  otherwise 
admirably  iuhipfeil  to  the  imliislry.  in  whieh  the  supply  of  seed  is 
extremely  pieearious.  The  most  leiiiarltable  lluetuations  in  the  set  of 
spat  take  place,  and  'ilteii  where  tliei'c  is  .me  year  an  abundance  the 
h.lh.wint' season  iii;iy  i-\liil)il  a  dearth.  In  certain  localities  on  I.ouj: 
Island  a  si't  of  spat  rarely  iioaiis.  and  the  iilanters  lony  ago  abandoned 
the  atleiiJiil  lo  raise  seed  ami  now  procure  it  friim  some  other  re^noii 
nioie  lavored  in  that  le^peel.  In  still  oilier  jilaces.  as  o\er  the  hir-cr 
part  111  Chcsaiieakc  liay.  the  seed  oysters  are  olitained  mainly  from 
the  natural  beds,  bill  with  tlic  .b'lileti.ni  ot  these  there  will  be  au 
iiiercasiiif;  lUliiciiltv  in  ..biiiiuin--  if. and  before  lonji  it  will  no  doubt  be 
necessary  to  deri\i'  it  Imui  some  other  source.  There  is  an  increasing 
leiulciiey  in  thi>rc-i<,ii  hist  iiiculinued  to  follnw  more  closely  the  metlnul 
ol'  sowing  shells  piadiced  in  rmineetieut ;  in  some  pbues  the  oxpcri- 
ineiit  has  met  with  great  success  so  Car  as  the.  i.roeiiriug  of  a  set  is  eon- 
<erne(i,  but  i[i  otiier  localities  the  n*sidts  are  too  uncertain  to  permit  it 
to  be  followed  with  jn'olit. 

\\'|]eie  a   -.strike""  occurs  each    ye:,r   \Mt!i    tnlcrable    certainty  tliis 
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more  saccessful  years,  and  the  irregalarity  of  his  crop  may  cost  the 
planter  his  market. 

It  is  obvious  that  in  order  to  obtain  more  certain  results  the  con- 
ditions upon  which  the  spatting  depends  should  be  subject  to  some 
control.  It  is  useless  to  expect  such  control  in  any  adaptation  of  the 
ordinary  method  of  planting  shells,  and  the  only  direction  which  prom- 
ises success  in  such  an  attempt  is  some  modification  or  form  of  pond 
culture.  The  culturists  of  Europe  have  shown  that  a  very  considerable 
control  can  be  exercised  over  the  conditions  in  parks  used  for  growing 
oysters  from  seed,  and  with  proper  modifications  the  same  success 
could  doubtless  be  attained  with  breeding  ponds  for  raising  seed. 
"To  actually  come  into  competition  with  tlie  system  of  shell  sowing  in 
.deep  water  we  must  proceed  to  abandon  all  old  methods,  condense  our 
cultch  so  as  to  have  the  greatest  possible  quantity  over  the  smallest 
possible  area,  and  finally  have  that  so  arranged  that  the  currents  devel- 
oped by  the  tides,  in  consequence  of  the  peculiar  construction  of  a  system 
of  spawning  ponds  and  canals,  will  keep  the  cultch  washed  clean  auto- 
matically. Unless  this  can  be  done,  all  systems  of  pond  or  cove  culture 
for  the  purpose  of  obtaining  spat  must  unhesitatingly  be  pronounced 
failures.''* 

Impressed  by  these  facts.  Dr.  Kyder,  in  1885,  devised  a  very  ingenious 
method  of  spat-culture,  which  he  described  as  follows : 

(A)  The  method  ae  adapted  to  canals  or  shticA'a  in  which  the  cultch  is  placed  in  masses, 
with  jetties  at  intertmls. 

The  first  form  in  which  I  propose  to  inaugurate  the  new  Hystem  of  spat-caltare 
which  has  grown  out  of  the  principles  iilroady  developed  consists,  essentially,  in 
condensing  the  cultch  or  collecting  apparatus  in  such  a  way  as  to  expose  the  maxi- 
mum amonnt  of  collecting  surface  for  the  sx>at  to  adhere  to  within  the  least  possible 
ftrea.  This  may  be  achieved  in  the  lbllowiu<r  manner:  A  ])ond^  .Y,  as  shown  in  plan 
and  elevation  iu  plate  in,  is  constructed  with  a  long  zigzag  channel,  Sj  connecting  it 
with  the  open  water.  The  pond  ought  to  ])e,  say,  40  to  60  feet  square;  the  channel, 
Sf  may  be,  say,  3  feet  3  inches  wide,  as  shown  in  the  diagram.  The  vertical  banks, 
M,  between  the  zigzag  canals  running  to  the  open  water  miglit  be  3  feet  in  width. 
The  sides  of  the  canals  ought  to  be  nearly  or  quite  vertical,  an<l  the  earth  held  in 
place  with  piles  an<l  rough  slabs  or  planks.  Tlio  direct  inlet  to  the  i>ond  at  /  might 
be  provided  with  a  gate,  and  the  outlet  of  the  canal,  where  the  latter  connects  with 
the  open  water  at  r>,  might  be  i>rovided  with  a  filter  of  moderately  fine  grilvanized 
wire  netting  and  a  gate;  the  first  answering  to  keep  out  large  fish  and  debris  and 
the  latter  to  close  under  certain  circumstances,  or  when  violent  stonns  develop 
strong  breakers.  The  accompanying  plan  and  sectional  elevation,  as  shown  in  plate 
III,  will  render  the  construction  of  such  a  pond  and  system  of  collecting  canals  clear. 

Into  the  pond,  A',  I  would  put  an  abundance  of  S])awning  oysters,  say  100  bnshels, 
if  the  pond  wore  40  foet  square,  and  200  bushels  if  it  were  60  feet  square.  But 
instead  of  throwing  the  oysters  directly  upon  the  bottom,  I  would  suggest  that  a 
platform,  of  strong  slats  bo  placed  over  the  bottom  of  the  pond  at  a  distance  of 
8  to  10  inches  from  the  earth  below,  upon  which  the  oysters  should  be  evenly  dis- 
tributed. This  arrangement  will  prevent  the  adult  oysters  from  being  killed  by 
sediment,  and  also  afford  a  collector,  in  the  form  of  a  layer  of  shells,  to  be  spread 

*  Kept.  U.  S.  F.  C.  1885,  p.  382. 
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over  the  pifttfonu,  and  gir 
•inking  into  the  oo?e  l>elaw. 

The  mean  dejith  of  water  iu  the  pmul  and  ounal*  onght  d< 
And  tUe  bottom  of  the  pond  and  cuuala  shouM  be  nut  to  the 
to  pet  tlie  fiill  bunelit  of  (h«  tidi-n. 

The  method  »f  operfttiiig  suth  a  syBleiii  will  now  b«  uiplained.  The  pond,  JV.  is 
•applied  with  the  above  epeciliediiiiantitf  of  h'Ood  Bpawning  i>yst«»,  which  at  a  low 
Mtinate  oDgbt,  nt  the  rale  of  50  females  per  biishpl,  to  jri<>1d  from  100,000,000,001)  to 
aOO>000, 000,000  of  fry  during  the  time  the  ciiltch  maj  be  iu  position  in  the  Piinnla. 
If,  howoTer,  the  oj-stera  were  very  largo  aeleoted  on<?a,  fully  twico  na  mnoli  fty  ought 
to  bo  thrown  out  by  them,  or  folly  200,000,000,000  to  400,000,000,000, 

This  eiiormons  quantity  of  enibryoB  must,  nnleal  it  finds  some  objects  to  which  to 
attach  itself,  be  irrevocably  la.it.     In  order,  therefore,  to  provide  it  with  a  ntdna  for 
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Those  baskets  or  reoeptaoles  are  open  at  the  top  and  are  intended  to  be  filled  with 
clean  oyster  or  clam  shells  as  oultch  for  the  spat.  They  are  each  to  hold  about  3 
bushels  of  shells,  a  quantity  as  large  as  can  be  conveniently  handled  by  two  men. 
One  hundred  of  these  will  therefore  contain  300  bushels  of  cultch,  though  I  actually 
believe  that  400  such  boxes,  or  1,200  bushels  of  cultch,  through  which  sea  water 
charged  with  fry  thrown  off  by  100  bushels  of  spawning  oysters  would  pass,  would 
not  afford  too  great  an  amount  of  spatting  surface,  because  we  have  shown  on  the 
basis  of  actual  obseri'ation  that  a  body  of  water  adapted  to  oyster-culture  is  capable 
of  yielding  spat  throughout  all  of  its  three  dimensions. 

These  boxes  or  frames,  after  they  are  filled  with  the  cultch,  are  suspended  in  the 
canals,  the  cross  section  of  which  they  should  nearly  fill  at  low  tide.  They  are  placed 
with  their  widest  dimension  across  the  canal,  so  that  during  the  rise  and  fall  of  the 
tide  the  water  has  to  rush  through  them  no  loss  than  four  times  daily,  and  as  the 
water  is  thoroughly  charged  with  embryos,  the  greatest  possible  opportunity  is 
afforded  the  young  fry  to  affix  itself. 

In  order  to  still  further  guard  against  the  accumulation  of  sediment  it  is  proposed 
to  place  jetties  across  the  canals.  These  may  consist  of  boards,  forming  a  frame, 
which  may  slide  into  or  be  secured  by  vertical  ledges  fastened  to  the  sides  of  the 
canal.  These  jetties  may  have  one  or  two  wide  vertical  slots  in  them,  through 
which  the  tide  will  be  compelled  to  flow  with  augmented  velocity,  and  thus  scour 
the  sediment  off  of  the  cultch  contained  in  the  suspended  boxes  or  frames  on  either 
side  of  them.  Such  jetties  may  be  placed  at  intervals  along  the  canal,  and  they 
might  be  made  movable,  so  as  to  be  changed  in  order  to  affect  other  sets  of  boxes  of 
cultch  at  other  points  along  the  sluice. 

The  system  of  canals,  as  shown  in  the  plans,  should  hold  about  400  receptacles  filled 
with  shells,  or  at  least  1,200  bushels  of  cultch.  In  practice  I  think  it  probable  that 
even  a  longer  system  of  canals  will  be  found  available;  but  it  must  always  be  borne 
in  mind  that  the  area  of  the  pond  must  not  very  greatly  exceed  the  total  area  of  the 
system  of  canals,  or  else  so  much  more  water  will  run  out  of  the  pond  at  every  ebb 
of  the  tide  that  a  great  many  embryos  will  he  carried  past  the  system  of  collectors 
in  the  canals  into  the  open  water  and  be  entirely  lost.  There  is,  consequently,  a 
very  good  reason  for  having  the  areas  of  the  two  nearly  equal. 

The  preceding  system  of  culture,  it  will  he  obvious,  is  only  an  application  of 
principles  well  established  and  based  upon  the  observation  of  the  actual  behavior  of 
oysters  under  natural  conditions,  as  observed  at  Fortress  Monroe,  St.  Jerome  Creek, 
Woods  Hole,  Cohasset,  and  Long  Island  Sound. 

The  spawning  ponds,  after  the  season  is  over,  may  be  used  for  fattening  choice 
oysters  for  market,  as  they  will  actuallj'  hold  about  the  quantity  stated  at  the  outset 
of  this  chapter.  They  may  also  be  used  in  connection  with  another  modification  of 
the  method  of  using  cultch  much  crowded  together  or  condensed,  to  be  described 
later  on. 

The  cultch  may,  without  harm  to  the  spat,  be  allowed  to  remain  in  the  suspended 
receptacles  in  the  canals  until  the  first  or  middle  of  October,  when  it  should  be  taken 
out  and  spread  upon  the  bottom  on  the  open  beds  where  it  is  to  grow  larger.  The 
reason  for  allowing  the  cultch  to  remain  so  long  in  the  boxes  is  because  spatting 
tinder  favorable  conditions  continues  for  not  less  than  ninety  days,  or  from  July  1  to 
October  1,  so  that  all  of  this  plant  should  bo  in  working  order  by  the  1st  of  July. 
•  «  «  •  •  *  « 

What  we  must  do  to-day  is  to  adapt  such  means  to  the  solution  of  the  oyster  prob- 
lem as  will  render  them  applicable  in  practice.    The  American  onltivfttor  does  not 
get  the  price  obtained  by  the  French  or  Dutch  oyster-farmer,  nor  ^ 
time  to  come  expect  to,  for  the  reason  that  the  aggregate  areP ' 
can  oyster  is  cultivated  or  indi;;enous  exceeds  by  maoy  til 
European  species  is  either  native  or  cultivated.    Tha  F' 
cultch,  such  as  tiles,  slates,  brush,  fagots,  etc.,  are  too  «o 
our  practical  people.    We  must  reap  in  quantity  whftl 
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^^H  priM  or  tbelr  prmluct.     tluilfir  l.bi.<  rirnutuoMiK'm  there  it  no  possible  way  nf  solring 

^^H  tbe  ^THatMt  iiu«stiotk  which  iit>w  exHU^iHea  tho  oj»t»T-gToicer»  of  thia  conntTy  lint 
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^^^1  'WNut  on  tbi>ir  am  lnuibi  nnil  from  tbe  «puWTi  of  thvir  nrn  ofulfra. 
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The  lUlvADtHgiw  of  tht>  melboil  of  iiniD^  the  oiillcb  In  (^ot1cs□t^H(«d  bodiot,  iciviog 
B  enormouv  Huiuiiut  of  siirfuce  fur  tba  iput  to  ulhern  to,  Kro  Ihnt  it  ean  he 
eouflnctwl  on  tin-  UuU  owiiPil  b)-  tbo  (Millurint  liiuisolf  ikutl  with  the  spann  tliTown 
off  by  tUi'  oyat^ni  beluugiiig  to  bim.  He  ia,  tberofuri',  not  boutiil  by  any  arl>ltr»rj 
oyster  biva  uow  exiating  to  conform  t«  what  are,  KCiK't^Hy  spoakint!,  rory  inefllricDt 
Mid  aft«D  shsiinl  iM>DiIitiuiis.  The  Dew  toetbod  paM  it  in  t^  pover  of  Ifae  cnltnriat 
lo  rout  bia  oim  need  for  pbtutliig,  And  if  hfi  is  ko  diHpiMwil  be  may  puV  donn  *n 
UCfM  of  rultcb,  wbicb  b«  can  mU  aft«r  it  ik  covered  with  apat  to  tbo  ownorB  ofifae 
Op"!!  bwls  in  his  vicinity.  It  tuvolvea  comparatively  littlt>  outlay  to  put  down  n 
plRDt  whic.ii  will  ftcoomuiuilate  5,0W1  i>iii)bcts  of  oidlcb,  or  Huouj-b  to  aecd  from  'JO  to 
80  acre*  for  tbo  firnl  y«ar,  Hurh  a  Byaleni  would  bo  of  great  iiraetical  utility  in  the 
ngiun  of  the  I'faeaaiieako  Kny,  Hhcre  tbi-re  an  vory  cxteuaivo  nreu  npoa  wbicb, 
Wltb  v*i>ry  inexpenaire  eiaavaliou,  tbo  pliuil  for  oouducting  tbia  mnthod  of  cuUare 
oould  b»  or^ui»'(I. 

Tbo  plan  of  tbe  atuall  DBti)bliahm«nt  given  in  the  prcicodlDg  padres  ia  to  be  regarded 
■a  typioal.  Id  tbe  n*e  of  tbe  ayiteni  with  crowded  or  condensed  cultcb  in  diir(>TeDt 
localitira,  raoflitloatiou*  uf  the  typical  plan  may  often  be  atlrantageonaly  employed. 
Fur  rxnniplo,  uu  nyiti^r- planter  may  have  a  large  puml  of  2  or  3  acres  thicklv 
plnnliil  witli  (pawning  oyatera  and  conn«ct«d  witb  the  open  waMr  by  way  of  a 
DftTTow  uanal.  The  pond,  if  It  baa  a  firm  bottom  over  Mm  wbole  exti'ot,  may,  if  not 
■iMady  nMd  for  the  pnrpnae,  bo  planted  thron)(bont  with  good  ac^d  or  "planta," 
which,  in  tbi'  cmirac  of  two  yenrs,  will  bi«  mostly  well.-;rown,  ni»rk..tuble  oysters. 
In  snch  a  case,  several  aystemsof  canals  could  be  fed  from  the  single  largo  iaclosure; 
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labor  to  be  expended  in  making  the  necessary  excavations  will  be  proportionally 
diminished,  and  no  aseistanoe  from  a  skilled  engineer  will  be  required. 

Whether  the  spawning  pond  is  excavated  or  not,  the  principle  upon  which  the 
system  is  constructed  and  operated  remains  the  same,  namely,  that  the  area  of  the 
canal  systems  and  the  ponds  be  about  the  same.  In  order  that  the  fry  be  not  car- 
ried past  the  collectors,  the  area  of  the  pond  should  not  much  exceed  the  total  area 
of  the  canals.  In  order  that  the  fry  may  be  wafted  to  the  outermost  collectors,  the 
area  of  the  canal  system  ought  not  to  greatly  exceed  that  of  the  pond  or  ponds. 

Canals  constructed  between  a  series  of  spawning  ponds  may  also  be  utilized;  in 
fact,  a  great  many  other  modifications  of  the  system  are  available,  which  woold 
become  apparent  only  after  a  study  of  a  given  location.  The  plans  for  carrying  out 
this  system  would,  in  fact,  have  to  conform  to  the  demands  of  the  location,  so  that  it 
may  be  said  that  each  establishment  would  have  to  be  designed  in  conformity  with 

local  conditions. 

•  •••••* 

If  cultch  in  the  form  of  shells  is  the  best  (for  which  concluai<m  we  have  assigned 
reasons),  it  follows  that  such  material  should  be  8o  utilized  as  to  obtain  the  largest 
possible  return  for  the  least  posRible  outlay.  In  other  words,  if  shell  cultch  is  to  be 
used  at  all,  let  it  be  expeditiously  and  ecouoniically,  and  not  wastefully  and 
unscientifically,  employed.  It  has  been  found  that  even  the  sowing  of  shells  is 
profitable,  as  has  been  conclusively  demonstrated,  and  in  one  type  of  cnltnre, 
namely,  that  which  is  practiced  in  deep  water,  it  is  probable  that  it  is  the  only 
practicable  method  which  will  be  devised  for  a  long  time  to  come.  While  it  is  to  a 
great  extent  wasteful  and  at  times  uncertain,  for  the  present,  at  least,  there  seems 
to  be  no  other  which  can  be  so  economically  and  successfully  operated  over  large, 
open,  navigable  areas.  Large  areas  operated  by  one  individual  or  corporation  can 
not  always  be  commanded,  or  only  exceptionally,  under  the  existing  laws  of  the 
States  of  Maryland  and  Virginia.  In  those  States,  however,  where  it  is  possible  to 
command  the  right  to  natural  arean  of  water  which  are  more  or  less  nearly  land- 
locked, the  system  of  merely  sowing  shells  would  be  positively  wasteful  and  not  in 
conformity  with  the  results  attainable  under  the  guidance  of  the  proper  knowledge. 

It  is  found  in  the  practice  of  shell  sowing  that  extensive  areas  will  sometimes  fail 
to  produce  any  spat.  This  is  apparently  due  to  the  presence  of  currents  which  have 
swept  the  fry  off  the  beds,  or  to  the  presence  of  sediment,  which  has  put  an  end  to 
the  first  stages  of  its  fixed  career.  Even  after  the  sj>at  is  caught,  great  destruction 
may  occur  through  the  inroads  of  starfishes,  or  a  too  rapid  multiplication  of  worm 
tubes  over  the  cultcli  and  spat.  The  latter  is  sometimes  smothered  in  vast  numbers 
from  the  last-mentioned  ( auso,  as  has  been  recently  discovered  by  Mr.  Kowe.  Such 
casualties  are  rendered  either  impossible  or  readily  observable  during  their  early 
stages  by  the  method  of  im-losing  the  cultch  in  suspended  receptacles,  as  suggested 
in  this  paper.  The  netting  will  effectually  protect  the  young  spat  against  the  attacks 
of  large  starfishes,  and  no  growth  of  barnacles  or  tnnicates,  worm  tubes  or  sponges, 
would  be  rapid  enough  during  the  spatting  period,  judging  from  an  experience 
extending  through  several  seasons,  to  seriously  impair  the  spatting  capacity  of  the 
cultch  used  in  the  suspended  receptacles.  Any  of  the  larger  carnivorous  nudlusks, 
fishes,  or  crustaceans  which  could  prey  on  the  young  oysters  can  also  be  barred  out 
and  kept  from  conmiitting  serious  depredations  by  means  of  the  netting  around  the 
cultch,  as  well  as  by  means  of  screens  placed  at  the  mouth  of  the  canal. 

The  maximum  efficiency  of  the  cultch  is  not  realized  in  any  of  the  old  forms  of 
collectors,  for  the  reason  that  the  cultch  cannot  be  kept  clean;  secondly,  because 
both  sides  of  the  cultch  can  not  be  exposed  to  the  passing  fry;  thirdly,  because  the 
fry  can  not  be  competed  to  pass  over  and  amongst  the  cultch  repeatedly;  fourthly, 
because  the  cultch  is  s<'attered  over  too  great  an  area  and  throughout  only  two 
dimensions  of  a  body  of  water,  namely,  its  horizontal  extent,  where  iiif 
I  have  shown  above,  to  do  all  this  and  more— that  is,  to  ayaU 


I 


32S        REI'OKT   OF    COlOaSSIOSER    OF    FISH    AND    FISHERIES.  ^M 

billlj  of  obtaiuiag  ipat  througli  the  tLree  dimensions  of  a  liody  of  water  cliarged 
with  eiuliryo  ojrihin  In  tbt^Jr  veliger  condition.  Tbtwe  are  good  and  suIScieot 
naaona  foi  ro.v  nMi-rtiou  that  QultoUhniiUiUiortobocii  wiwtefrilty  itiid  uD8Cieatifi<;alIy 
ftp;illod.  With  this  1  luuit  <iatiolndr  thi*  «xposi(i<ju  of  the  priociplea  of  a  ratiouaJ 
tbnory  of  oyster-cnUnre,  a  subject  which  hu  rertsivfd  titv  atteution  of  many  iuvniri- 
galon,  none  uf  irhom  havo,  bowcvor,  struck  at  theroot  of  tho  question  audallownl 
Ib'uioslvM  to  bo  guided  1>y  rnadlly  ToriHable  fart*.  In  the  bo]>e  tbut  I  have  nioile 
bntli  th«  theory  and  the  practice  of  nij  utvt  methud  clear  Ut  the  reader,  who,  if  he 
ahiiiild  bnppeQ  to  he  an  ojntennan,  will,  I  bopp,  at  loD«t  give  me  the  iTedit  of  being 
buui'Hl  and  sincere  iu  uiy  inteiitloDa.  and,  whether  he  feels  Inclined  to  ridicule  or  iji 
tdui>t  luf  euncliialons,  I  feel  very  certain  that  whnt  I  have  formulated  in  the  ]>recad- 
ing  fiHges  will  heoDiue  the  reouguized  doctriue  of  the  futnre.  ' 

A  trial  of  tliis  methcKl  was  made  by  tlie  Fith  Commissiou  ut  St. 
Jerome  Creek,  Marylaud,  but  it  was  found  that  I*r,  Ryder's  exi^ecta- 
tioiiH  regarding  the  freedom  of  bis  ai>paratiis  from  sediineutation  were 
nnfonnded.  St.  Jerome  Cre*k  is  a4linirabl.v  atlapted,  from  its  rich  footl 
supply,  to  growing  oysters  from  seed,  but  its  very  advantages  in  this 
respect  militated  against  the  suoce^H  of  the  es]>erimeut  of  spat-raising. 
A  small  set  wiw  obtuim^  upon  some  of  the  (iiiltcli  exposed,  but  the 
de[x>sit  of  Aodimeut  wiw  so  rapid  that  tlie  ytmiig  oystera  were  unable 
to  fix  in  quantities  sullieient  to  make  the  ex])eriment  a  commercial 


U  seems  probable  Ihat  tinder  more  favorable  conditions  with  respect 

>  to  iiedimeutatiou  the  apparatus  would  prove  a  uselril  one,  and  it  is  to 

be  hopi^tl  that  it  will  lie  jiivon  a  further  trial.     The  writpr  witnossiMl 

Dr.  Ryder's  experiment  at  Sea  Isle  City,  N.  J.,  with  a  modification  of 

this  uiTiiiyt'iiipiit,  ami,  :iUhiiiif:ti  tlii>  tiia!  was  made  on  a  scale  tiw 
siJiaH.  tin.'  R'snlis  wiTc  sm  li  as  to  impress  hiai  with  (he  feasibility  of 
tl)f  <U-vioi'  iitKitT  iiiiiii-  lavurablc  .■onililiims  than  existed  at  St.  Jerome 
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laratus  appears  to  Ix' 
cultvli  witit  currents 
:  til  si'mir  away  any  sediment  wliich  may  ai'cu 
that  Ihi^  I'lHild  be  airi'uniidislied  by  means  of 
biri'd  in  lilt' liiriir  canal  by  tlie  ebli  and  How 
..n  t;ciiilc  to  have  tlie  i-tlW-t  sonj;ht.  This  cml 
dial,'  ilic  inner  |n„]is  of  the  canal  with  gates 
lii'iid,  IIjc  outer  l(iii[)s  having  fiimilar  means 
lie  I'Mi-iior  watiT-i,  as  sliown  in  i>lale  iii, 
,  j.'yilcr's  plans.  IT  tlie  water  in  the  pond  at 
til  llie.'anai  has  nearly  eniplied.  a  strong' enr- 
!■  any  loop  by  <i|)eniiij;  the  appropriate  ^ate.s. 

latcsat  il iterc'iid  uf  the  loops  be  c]ost'<l  at 

I  loald  lie  llirown  into  the  eanals  by  opening 
tliiis  r>ccasi()nally  llnsliing  each  pair  of  loops 
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however,  by  some  loss  in  simplicity  of  constrnction  and  operation  of 
the  apparatus  and  at  the  expense  of  the  escape  of  some  of  the  embryos. 
Plate  lu  shows  the  original  plans  modified  by  the  addition  of  sluice- 
gates. 

It  is  thought  that  this  method  of  utilizing  cultch  may  solve  the 
problem  of  the  culture  of  the  eastern  oyster  upon  the  Pacific  coast. 
Two  chief  difficulties  there  interfere  with  the  obtaining  of  a  strong  set: 
the  temperature  of  the  water  is  in  most  places  too  low  to  insure  active 
spawning,  and,  secondly,  the  young  of  the  imported  species  is  crowded 
out  by  the  rank  growth  of  the  native  oyster.  It  is  probable  that  both 
of  these  difficulties  might  be  overcome  by  the  use  of  Dr.  Ryder's  method 
or  some  modification  thereof.  There  is  little  doubt  but  that  the  ebb 
and  flow  of  the  tides  through  the  channels  could  be  so  regulated  that 
a  sufficient  quantity  of  water  would  remain  at  low  tide  to  temper  that 
which  would  flow  in  at  flood  tide.  The  shallowness  of  the  i)ond  should 
render  it  so  susceptible  to  the  efiect  of  the  sun's  rays  that  a  tem- 
perature several  degrees  higher  than  that  of  the  neighboring  water 
could  be  maintained,  and  in  some  places  these  two  or  three  degrees 
are  perhaps  the  measure  between  success  and  failure  in  obtaining  a  set 
of  spat. 

The  eastern  oyster  spawns  at  67°  or  68°  F.,  but  does  better  at  70^. 
Ponds  such  as  that  described  might  be  located  in  connection  with  the 
sloughs  communicating  wifh  the  bays,  and,  as  Mr.  C.  H.  Townsend 
says  that  the  native  Pacific  coast  oyster  does  not  flourish  in  such 
places,  the  imported  species  would  doubtless  have  a  better  opportunity 
of  survival  during  its  early  career,  the  period  when  it  is  especially 
liable  to  sulibcation  by  foreign  organisms.  If  necessary,  a  filter,  such 
as  is  described  on  pp.  330-332  of  this  i)aper,  might  be  introduced  into 
the  mouth  of  the  canal.  This  would  to  some  extent  interfere  with 
the  ebb  and  flow  of  the  tides  between  the  pond  and  the  slough  or  bay, 
but  it  might  be  the  very  thing  necessary  to  retard  the  interchange 
sufficiently  to  allow  the  water  in  the  pond  to  become  warmed  by  the 
sun. 

The  experiment  is  at  least  worthy  of  a  trial,  and  it  may  be  the  means 
of  saving  to  the  planters  of  the  Pacific  coast  the  large  sums  of  money 
which  are  now  annually  expended  in  transporting  seed  oysters  across  the 
continent.  The  experimenter,  if  successful,  would  reap  the  benefit  of 
his  own  success.  The  brood  oysters  used  in  stocking  the  pond  should 
preferably  be  plants  of  several  years'  standing,  as  such  would  be  more 
likely  to  be  acclimated  than  those  brought  from  the  East  but  a  short 
time  prior  to  the  experiment. 
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ARTlPtCIAL   PROPAGATION. 

Artitlnial  |>ro)iHgHtioii  in  tliu  fish-cultnriBt's  Bea^e,  the  raising  of 
oyster  fty  from  artiiidially  furcilixed  eggs,  has,  at  thu  present  time,  uo 
pliwe  Iti  practical  oyster- i-nltnre.  It  luny  i^erhaps  aometime  demoti- 
Btrato  it«  appticiibility  to  a  ^ysteni  of  spat  prudiictioii  in  small  Hosed 
ponds,  h<it  it  cau  have  absolutely  no  use  in  the  preseut  melbods  of 
oyster- growing.  It  is  futile  to  expect  any  rf«uU«  from  d«ix>sit«  of  tbe 
Bwimming  fVy  n|>ou  beds  planted  tn  the  ot)en  waters  of  the  bays  aad 
Boniida  whei'e  the  (rouditions  are  usually  such  as  wonld  bring  abont  a 
wide  distribntiow.  Fry  so  deposited  would  Iw,  uo  dunbt,  largely  carried 
to  other  be<1s,  and  be  lost  to  the  man  who  planted  tliein,  or  «l»e  woidd 
fall  ui>oii  uiisuituhio  bottom.  Their  fate  att«r  being  deposited  in  the 
water  is  «o  nncGrlaiii  that,  in  our  preseot  state  of  knoivledgo,  it 
would  be  a  waste  of  ell'ort  for  either  lloveroment  batcheries  or  private 
Individuals  to  attempt  to  iucreaite  the  oyster  by  such  nioans. 

If,  however,  there  can  be  devised  some  stur^asful  method  of  closed- 
pond  produi<ttori,  then  Hrtifloial  propagation  may  liud  a  Held  of  usefiit- 
ness.  Dr.  Ityder  suggest^nl  that  tbe  available  amount  of  fry  iu  his 
method  of  Hpat-enlturu  might  be  increased  by  adding  embryonized 
wat«r  to  the  inlet  to  the  sluice  at  the  beginning  of  dood  tide,  tbe 
embryos  being  carried  up  throngh  tlie  cultch  upon  the  flood  and  back 
apain  nin.ii  tbe  ebb,  tlina  fjivinj:  a  double  (.■liaiii.-e  for  lixation.  There 
is  no  doubt  but  that  the  proportion  of  eggs  successfully  fertilized  can 
be  iiKTcascd  by  tin'  artilicinl  niixluro  nl'  the  ova  aii<i  spermatozoa 
acconiinn  to  mcihotls  whirli  s.'i.-ncf  li:is  di-riionsl rated. 
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transYene  crossbars  h  h,  of  figs.  1»  2,  3,  and  i,  upon  which  the  permeable  diaphragm 
rests.  Fig.  1  represents  the  trunk  A  secured  irithin  a  pair  of  quadrangular  frames, 
F  F,'B,nd  partially  in  sectional  elevation  in  place  in  the  trench  or  canal  leading  f^m 
the  pond  to  the  open  water;  fig.  2  represents  the  construction  of  the  end  of  the  trunk 
next  the  open  water,  and  fig.  3  that  of  the  end  next  the  pond,  while  fig.  4  shows  the 
trunk  aH  viewed  from  above. 

On  the  crossbars  5  &  a  single  screen  of  galvanized  wire  cloth,  W,  fig.  1  (galvan- 
ized after  it  is  woven),  is  superimposed,  having  meshes,  say,  one-half  inch  in  diameter; 
upon  the  wire  screiMi  a  layer  of  gnuuy-cloth,  C-,  figs.  1  and  4,  is  laid,  upon  which  a 
layer  of  fine,  clean  sand,  S,  is  spread  evenly  from  one  end  of  the  trunk  to  the  other. 
The  end  board  «,  extemling  halfway  up  at  the  outer  end  of  the  box,  runs  up  past 
the  level  of  the  wire  and  cloth  to  confine  the  sand  at  that  extremity,  as  shown  in 
fig.  2,  while  the  sand  is  confined  by  the  board  i  at  the  other  end  of  the  trunk  next 
the  pond,  as  shown  in  fig.  3.  The  wire  cloth  and  bars  b  h  constitute  the  support 
for  the  sand  as  it  lies  upon  the  gunny-doth,  which  is  supported  in  turn  by  the  wire 
cloth  or  screen  fF.  This  is  essentially  the  construction  of  the  filtering  apparatus  in 
which  the  layer  of  sand,  >',  is  at  all  times  accessible,  so  that  it  can  be  removed  if  it 
becomes  clogged  with  ooze  carried  in  by  successive  tides  under  the  gate  G,  figs.  1, 
2,  and  4.  This  layer  of  sand  can  also  be  increased  or  diminished  in  thickness  so  as 
to  strain  the  inflowing  and  outflowing  water  more  or  less  efiectually,  }is  may  be 
desired,  or  in  onler  to  more  or  less  eflfei^tually  prevent  the  iDScape  of  any  eggs  or 
embryos  of  oyster  which  may  be  developing  within  the  pond  and  wafteil  to  and  Aro 
by  the  ebbing  and  flowing  currents  which  are  carried  in  and  out  of  the  pond  through 
the  diaphragm  by  tidal  action.  The  gunny-cloth,  C,  flg.  4,  may  possibly  be  replaced 
by,  first,  a  layer  of  coarse  gravel,  then  a  layer  of  finer  gravel  superimposed  upon 
that,  which  would  prevent  the  fine  sand  from  sifting  through  the  supx>orting  wire 
screen  W,  Gravel  would  be  more  durable  than  giinny-cloth  or  sacking,  which,  like 
all  other  textile  fabrics,  will  rot  if  immersed  in  salt  water  for  a  few  weeks.  In 
practice,  however,  a  mode  of  getting  overall  such  difliculties  would  soon  be  devised. 
A  coarse  sacking  to  be  used  for  the  purpose  might  be  saturated  with  a  drying  oil  or 
with  tar  diluted  with  oil  of  turpentine,  which  when  dry  would  act  as  a  preservative 

of  the  material,  but  not  cause  it  to  become  impervious. 

#  •  #  «  •  ■«•  » 

When  the  trunk  A  is  put  in  place  (which  should  be  done  before  the  water  is  let 
into  a  freshly  excavated  poud,  and  also  before  the  water  is  let  into  the  trench  from 
the  sea  end),  it  should  be  securely  ])laced  in  position  and  the  earth  tightly  rammed 
in  along  the  sides  so  as  to  prevent  any  sea  water  from  finding  its  way  into  the  pond, 
except  such  as  passes  through  the  lilteriug  diaphragm.  It  is  also  unnecessary  to 
insist  that  the  trunk  l)e  ('(mstructed  in  such  a  way  that  it  will  be  practically  water- 
tight, and  not  liable  to  leak  between  the  planks  or  at  the  corners.  The  wire  cloth, 
sacking,  or  gravel,  and  sand  having  been  got  into  place,  and  when  complete  forming 
a  stratum  having  a  total  thickness  of  5  or  6  inches,  the  operator  is  ready  to  cut 
away  the  barrier  at  the  sea  end  of  the  treui-h  and  let  in  the  water. 

If  then  the  trunk  A  has  been  let  down  into  the  trench  deep  enough  the  sea  level 
at  low  tide  ought  t-o  be  somewhat  above*  the  upper  edge  of  the  board  e.  The  water 
will  then,  as  the  tide  rises,  flow  back  over  the  sand  as  far  as  the  board  i,  and  will  per- 
colate through  the  diaphragm  into  the  spare  /,  under  the  latter,  and  so  And  its  way 
into  UMpoacL  After  a  day  or  so  the  pond  will  be  filled  with  sea  water  which  has 
jmptlMni^ll^JtandLlHld  filtered  more  or  less  efi'ectnally  in  proportion  to  the 
JjtfiHU^^^^^^^|HH|ri^jiad  constituting  the  diaphragm.  After  the  pond 
^^^^^^^^^^^^^^^^^^^•■^  "ill  of  the  tide  in  the  open  wattT  the  levtd  of  the 

W changing;  in  other  words,  when  the  tide 

ar  than  that  of  the  water  outside, 

^eae  circumstances  there  will 

iiyision  /  of  the  trunk  //,  up 

ontlet  O  under  the  gate  O, 

4m  will  be  reversed  and  wl 
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in  tiie  pond  will  lie  lownr  thui  tl  in  tbs  open  water,  and  under  tho*e  circnnuitMlOH 
tbore  will  be  an  ioQow  of  sea  water  into  the  puud  througli  the  diaphragm  insleiid  of 
on  nntSow,  lu  is  the  oonditioii  of  the  wat^r  level  daring  ebb  tide.  Under  bqcIi  condj- 
tioii*  theto  will  be  four  alteroating  periodi  diiriug  everj  tweutj'-faar  hours  of  iutlow 
aiidODtitow,  lastiD);,  we  willBuy,  fonr  hour*  e»t'b,  not  reckouingUieueail^etationarj 
iutnrvalH  between  tidea  or  during  slack  water.  Tbi«  aluioat  ooiidt&ol  partial  renewal 
(if  the  wntor  will  unqnestiouablj  iiinlDlaiii  the  water  jaclusod  iu  the  pond  or  pundH 
b)-  meunH  of  diaphraf^ms  in  a  oonditiou  HtttMl  to  support  oystprs  colonised  therein. 
jiRivided  iU  density  ia  nut  too  great  or  too  alight,  and  if  there  ia  also  aome  nucni- 
aeopir  vegotBtion  present. 

It  will  \n>  rfiiwlily  iiadentood  from  tlia  preceding  deaeription  bow  U  is  intended 
that  the  apparatus  is  lo  ho  nperntail.  The  flguroe  also  give  a  very  good  idea  uf  how 
tbo  diaphragm  and  trunk  are  to  be  conatructoil,  the  ftcat  four  tifpuea  being  drawn 
n  acaln  nf  I  Inch  to  'i  fent.* 


f  Thfl  n-aU'i'  tti  tbu  imtid  remaned  at  nbout  tbo  same  deiisitf  aii<l  tern 
|)er»tiire  a»  that  in  the  »|iuii  buy  and  kooii  dovelcipeil  a  greater  abuu- 
(loiioti  nf  food  orgaiiisniH,  botli  plauta  and  iiniiDaU.  Artitidally  fertilized 
ova  were  plnctHl  in  the  pond  at  inI«rvalH  during  tbe  spawning  season, 
and  forty-tiix  daya  after  the  beginning  nf  tlie  exi>erinient  yoang  spat 
from  oiit'-fonrtli  to  tUree-fomthe  of  an  inoli  luug  were  foniid  attafbi-d 
to  the  buucheei  of  shells  wluch  htid  bocii  hung  upon  stakes  to  serve  as 
collocturs.  Great  diflicaity  wns  «\]>erienccd  ttoat  sedimeutatiou.  Tbe 
experiment  demunstrated  that  spat  could  be  raised  In  ponds  from 
artificially  fertilized  eggs  and  that  it  would  grow  as  rapidly  as  the  spat 
reareiJ  in  the  npen  b:iy.  As  the  conditions  are  stated  by  Dr.  Ryder,  it 
appears  probable  that  equally  good  or  better  results  might  have  been 
;iIt:iLiii'd  with  less  labor  by  jilai-ins  n  quantity  nf  spawning  oysters  in 
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in  the  diret^t  use  of  the 
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(Piriisi's  tlic  liost  iTsults  is  th;itin  which  the  CfZgs 
itiil  witliiu  Iniiii  three  t.i  liv<'  hours  alter  feriili- 
cully  nulhiiii;'  tii  he  jraiiicd  in  holding  the  t'ggs 
;;jiin  lit'  the  cnlliirist  being  nut  iti  tlie  prntectimi 
hf  ineiva^c  nC  ihc  iimiHirtion  of  eggs  lerlili/cd. 
'aliiiii  n-^cil  iiy  l>r.  Itydt-r  was  as  follows: 
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orgsnio  matter,  And  thus  interfere  greatly  with  the  life  and  healthy  deyelopment  of 
the  embryos. 

By  onr  method  the  objectionable  features  of  the  old  plan,  as  stated  above,  are 
orercome.  If  possible  select  good-sized  oysters;  open  them  with  the  greatest  possi- 
ble care  so  as  not  to  mutilate  the  mantle  and  soft  parts.  Carefully  insert  an  oyster 
knife  between  the  edges  of  the  yalves  and  cut  the  great  adductor  muscle  as  close  as 
possible  to  the  valve  which  you  intend  to  remove,  leaving  the  animal  attached  to 
the  other  valve,  which,  if  possible,  should  be  the  loft  or  deepest  one.  The  soft  parts 
being  firmly  fixed  or  held  fast  by  the  great  adductor  muscle  to  the  left  valve  pre- 
vents the  animal  from  slipping  under  the  end  of  the  pipette,  held  flatwise,  as  it  is 
gently  and  firmly  stroked  over  the  generative  gland  and  ducts  to  force  out  the 
generative  products. 

To  prepare  the  auimals  to  take  the  spawn  from  them  after  opening,  the  following 
precautions  are  to  be  observed:  Note  that  the  reproductive  gland  in  great  part 
envelops  the  visceral  mass  and  extends  from  the  heart  space,  just  in  front  of  the 
great  adductor,«to  within  a  half  inch  or  so  of  the  head  or  mouth  end  of  the  animal, 
which  lies  next  to  the  hinge.  Note  also  that  both  sides  of  the  visceral  mass  which 
incloses  the  stomach,  liver,  and  intestine  are  enveloped  on  either  side  by  a  membrane 
which  also  lies  Just  next  the  shell  and  is  garnished  by  a  fringe  of  purplish,  sensitive 
tentacles  along  its  entire  border  except  at  the  hea<l  end,  where  the  mantle  of  the  left 
side  passes  into  and  is  continuous  with  that  of  the  right  side  of  the  animal.  The 
ventral  or  lowermost  side  of  the  animal,  anatomically  speaking,  is  marked  by  the 
four  closely  corrugated  gill  plates  or  pouches,  which  are  preceded  in  frcmt  by  the 
four  palps  or  lips,  but  both  the  gills  and  palps  depend  downward  between  the  lower 
borders  of  the  mantle  of  the  right  and  left  sides.  Note,  too,  that  if  the  mantle  is 
carefully  cut  and  thrown  back  on  the  exposed  side  of  the  animal  between  the  upper 
edges  of  the  gills  and  the  lower  edge  of  the  cut  or  exposed  end  of  the  great  adductor 
muscle,  the  lower  and  hinder  blunted  end  of  the  visceral  mass  will  be  exposed  to 
view.  It  is  on  either  side  of  this  blunted  end  of  the  visceral  mass  between  the  upper 
edge  of  the  gills  and  lower  side  of  the  great  muscle  that  the  reproductive  glands 
open  almost  exactly  below  the  great  adductor.  From  these  openings  we  will  after- 
wards find,  if  the  animal  is  sexually  mature  and  the  operation  is  properly  conducted, 
that  the  spawn  will  be  forced  out  in  a  vermicular,  creamy  white  stream.  But  in 
order  to  fully  expose  the  reproductive  organ  we  should  carefully  continue  to  sever 
the  mantle  of  one  side  with  a  sharp  penknife  or  small  scissors  some  distance  forward 
of  the  great  muscle  toward  the  head,  cutting  through  the  mantle  just  above  the 
upper  borders  of  the  gills  and  following  a  cavity  which  lies  between  the  latter  and 
the  lower  border  of  the  visceral  mass. 

A  little  experience  will  teach  one  how  far  it  is  necessary  to  carry  this  incision  of 
the  mantle.  For  some  distance  in  front  of  the  heart  space  the  mantle  is  free  or 
detached  from  the  visceral  miiss  and  reproductive  organ,  which  lies  immediately 
beneath,  and  this  enables  one,  if  the  last-described  incision  has  been  properly  made, 
to  almost  completely  expose  the  one  side  of  the  visceral  mass  and  the  richly  tinted, 
yellowish-white  reproductive  gland  which  constitutes  its  superficial  portion.  The 
opening  of  the  gland  and  its  superticial  ramifying  ducts  being  laid  bare  on  the 
exx>osed  side  ot  the  animal,  we  are  ready  to  press  out  the  spawn  on  that  side.  Before 
beginning  this,  however,  it  is  important  to  observe  that  the  principal  dnct  passes 
down  just  along  the  edge  of  the  visceral  mass  where  the  latter  bounds  the  heart 
space,  in  which  the  heart  may  be  observed  to  slowly  pulsat«,  and  that  this  great  duct 
ends  somewhere  on  the  surface  of  the  ventral  blunted  end  of  the  visceral  mass  (plate  i, 
fig.  2  d).  To  expose  the  great  or  main  generative  duct  it  may  be  necessary  to  cut 
through  or  remove  the  pericardial  membrane  which  incloses  or  covers  the  heart  space 
on  the  exposed  side.  If  the  oyster  is  sexually  mature,  the  main  6  net  will  be  observed 
to  be  distended  with  spawn,  and  that,  originating  from  it  and  branching  out  over 
almost  the  entire  sorfooe  of  the  visceral  mass,  there  are  minor  ducts  given  o£^  whit 
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AK^In  B"<1  ug»iii  anbdivide.  If  thtme  am  iiot»<l  aiid  it  is  obserred  thnt  tbe^  an 
Mi^rK<^(1,  Kivini;  them  The  niipenmnre  of  a  simple  Heries  of  inach-brHiicLed  gT«>t 
veins  Glled  wllli  rreaiuy  while  I'ODtents.  it  maf  be  certainly  pTeHumed  that  yoxa 
ippctmen  in  matiiro  fttid  Ibilt  spavin  may  l)e  readily  prnased  frou  it. 

The  uperatlon  of  prcaiiDi;  the  apann  out  of  tlie  duct*  requires  care.  The  side  of 
tile  ond  of  tbs  pipett*  luay  b"  qhmI,  beioji  raieful  not  to  eniali  or  break  npen  the 
dneta  un  you  gtuitly  and  lirtnly  iitn>ke  the  pipette  flatwiHe  over  the  aide  of  the 
vbi-'eral  maaii  biMkwatd  ttinn  the  hinge  toward  the  haart  apace  and  over  tlie  erent 
duct  at  the  border  uf  the  latter  dlH|;uDaI].v  downward  and  baokward  to  the  opeiiiiis 
of  the  reproduotlve  nrgan.  If  Ihis  hM  beeu  properly  done  it  will  be  fonnd  llmt  the 
generative  praduota  are  btiiiK  piish^il  forwnnt  by  the  pijM-tte  throngh  the  ducta.  aa 
the  prowDro  will  1io  aeeii  ti>  distend  tht<  taller,  the  contents  of  the  branches  flowing 
<i  Uio  Inrgct  nnd  Utger  triiuka  until  they  are  fori'ed  outward  through  the  main 
diii^t  and  openlog  below  tlie  great  adductor,  whore  they  will  pour  out  in  a  stream 
ne-elxteeutb  nf  no  iuch  or  more  iu  diameter  if  the  pniducta  are  perfectly  ripe.  Tlio 
NEi^s  may  t>e  dUrrI minuted  bi>  described  at  the  outset,  nnd  it  i*  w«l!  to  first  find  a 
male  by  the  m*tbnd  nlr<>ndy  given  and  prooM-d  t«  esprew  the  milt  aa  described 
aWT«liito,aay,  agill  nfsna  water,  adding  pipettofiil after  pipettefiil  until  it  acquire* 
milky  or  opaIe*i'«nt  white  nnlor.  As  thn  milt  or  ejjgs  are  pressed  oat  of  the  open- 
ing uf  the  dact*.  they  are  to  Iwsiieked  n|i  by  the  pipette  and  dropped  into  the  waier, 
le  mUlur«  uf  milt  l>Hlng  first  prepared,  to  whirb  the  eggs  may  be  added  aa  thej- 
>«  expressed  from  the  frmaleH,  TboJudifmBnt  of  the  operator  is  to  be  lued  in  mix- 
ing the  liquids  1  in  prautire  I  And  that  ou«  male  will  eiipply  enough  milt  to  ferUliie 
the  eggB  obtained  from  three  or  four  females,  and  II  does  not  matter  if  tbe  operation 
takes  &om  twenty  to  thirty  miuatea'  time,  ss  the  male  fluid,  which  it  ie  beet  t« 
prepue  fitat,  will  rMoIn  it«  vlMi^  fbr  Ibal  period. 

It  is  always  desirable  to  lie  as  careful  as  posajhle  not  to  get  fragments  of  other 
tiHBiiee  Llli^ea  « itli  tlii'  eggt  ami  luitt,  niiil  tliu  adtniituri'  of  dirl  of  any  kiml  in  to  W 
avoiilrd.    To  sepnrntn  sny  such  frnKDicnts  nicely,  I  find  a  small  strainer  of  coarse 
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to  be  covered  by  too  large  a  number  of  spermatozoa;  thoaBande  more  than  are 
required  if  too  mnoh  is  need.  These  superfluous  spermatozoa  simply  become  the 
cause  of  a  putrescent  action,  -which  is  injurious  to  the  healthy  development  of  the 
eggs.    A  drop  of  milt  to  20  drops  of  eggs  is  quite  sufficient. 

Immediately  after  the  ova  have  been  fertilized  it  is  best  to  put  them  into  clean 
sea  water  at  once,  using  water  of  the  same  density  as  that  in  which  the  adults  grew. 
If  the  attempt  is  made  to  impregnate  the  eggs  in  water  much  denser  than  that  in 
which  the  adults  lived,  it  is  probable  that  the  milt  will  be  killed  at  once.  This 
singular  fact,  which  was  accidentally  discovered  by  Colonel  McDonald  and  myself, 
shows  how  very  careful  we  should  be  to  take  into  consideration  every  variation  in  the 
conditions  affecting  a  biological  experiment.  If  sufficient  water  is  used  no  trouble 
will  be  experiuncod  from  the  pollution  of  the  water  by  dangerous  micro-organisms, 
which  are  able  to  destroy  the  oyster  embryos.  From  50  to  200  volumeH  of  fresh, 
clean  water  may  be  added  to  the  volume  in  which  the  eggs  were  first  fertilized. 
This  may  be  added  gradually  during  the  first  twenty-four  hours,  so  as  to  assist 
aeration  and  prevent  the  suffocation  of  the  embryos.  * 


ARTIFICIAL  FEEDING. 

There  is  no  practical  way  uow  known  of  furnishing  oysters  with  an 
artificial  food  supply. 

Experiments  have  been  made  with  a  view  to  feeding  the  adult  oysters 
upon  corn-meal  or  some  similar  substance,  but  such  attempts  have  been 
of  no  practical  value.  There  is  no  doubt  that  they  would  eat  corn-meal 
or  any  other  substance  in  a  sufhcieutly  fine  state  of  division  to  be  acted 
upon  by  the  cilia.  The  oyster  is  incapable  of  making  a  selection  of  its 
food,  and  probably  any  substance,  nutritious,  inert,  or  injurious,  would 
be  swept  into  the  mouth  with  complete  indifference  except  as  to  the 
result.  Corn-meal  and  similar  substances  would  doubtless  be  nutri- 
tious, but  their  use  must  be  so  wasteful  that  the  value  of  the  meal 
would  be  greater  than  that  of  the  oyster  produced. 

The  only  way  in  which  the  amount  of  oyster  food  can  be  increased  is 
by  so  regulating  the  conditions  in  ponds  or  parks  that  the  natural  food 
may  grow  in  greater  luxuriance.  In  artificial  propagation  the  life  of 
the  young  has  been  prolonged  beyond  the  early  embryonic  stages  by 
feeding  upon  certain  marine  algie  reduced  to  a  powder  by  pounding 
them  in  a  mortar,  but  such  successes  have  been  purely  experimental 
and  are  of  no  significance  from  a  practical  standpoint.  Even  if  artificial 
propagation  were  to  obtain  a  place  in  practical  oyster-culture,  the  fry 
would  doubtless  be  liberated  before  resort  to  artificial  feeding  would 
become  necessary. 


•  Fisheries  Industries,  Sec.  I,  up.  723,  724,  725. 
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FATTENING.  PLUHPIMO,  FLOATING. 


As  ha«  boen  frequently  pointed  oat,  the  so-fAlIed  "fattening"  of 
oysters  for  a  ebort  time  prerions  to  seuding  them  to  market  in  not  a 
fattening  proceflH  at  nil,  bnt  is  a  device  of  the  trade  to  give  to  tbc 
(iyittersaiiiIliiaiveai>i>eHriLnceof  jdnmpDess.    It  adds  DotfaiogwhateTer    . 
to  tLe  nutritive  qualities  of  the  oyster,  but  on  the  eoutrary  injiires  ita  J 
flavor  and  extracts  certain  uf  its  nutritious  ingredients.     However.  M   { 
tbng  OS  the  public  desire  sucli  oysters  tlie  dealers  cau  uot  be  blamed  for 
■aijplying  thetn. 

The  proceM  of  plomping  consists  in  changing  oysters  from  denser  to 
leaa  dentte  water,  causing  au  intenliange  of  fiuids  through  the  walls  of 
the  animal,  the  denser  Unidu  in  the  tissues  passing  slowly  outward,  the 
less  saline  water  in  which  the  nuimal  is  immersed  passing  more  rapidly 
iuwanl.  Tht^  net  resnlt  is  to  (vinse  a  swelling  of  the  tisanes  by  an 
incieaMt  in  the  tluid  oont«nts,  in  much  the  same  manner  as  a  dry 
B]>ougi>  Hw*?Il«  when  moistened.  The  oysters  arc  not  nsnally  placed  io 
absolutely  fresh  water,  which  would  kill  them  if  exi>osed  too  long, 
hut  in  fresher  than  that  in  which  they  have  been  living.  The  fluids 
whifh  have  passed  out  from  the  tissuem  carty  with  them  suits  and  some 
fnta,  ehemical  exi^eriment^howing  that  the  oyster,  although  larger  atVr 
plumping,  has  lost  13  per  oent  of  its  originnl  nntritious  sabHtaticeit, 
Iin>tt-iii,  lilts,  carbohydrates,  and  iiiiiicr;i]  ruIIm.  Sufficient  water  will  In- 
taken  up,  however,  to  increase  the  total  weight  of  the  oyster  frvm  12  to 
l.M)l.cLccnt.  Tlu' same  icsLiIt  is  proibiccil  l.y  placing  the  oysters  in  frc^b 
«at.T;ifliTllii'y  have  l.ccn  icrn-ivcd  Inirii  tlic  shell.     It  will  be  seen  thjt 


cd  is  s 


-onsiih-i'ah 
iii;r  to  the 


iiply  M;itoi-.  of  no  valnc  aa  lonij. 
I)  Inn;:  "II  the  lloats  they  will  again 
,  ill  fact,  living  to  the  stnto  of  eqiii- 
1  lu'twccii  the  density  of  the  Juices 
If  iiysteis  arc  taken  from  brackish 
■  iiKue  saline  they  become  shrunken, 
oiivt'i'se  jinicess  to  thai  of  phinijiirig. 
1.  <*iie  of  the  simplest  consists  of 
ei'|>,  with  perforated  bottoms,  these 
1 1;  anil  eiii]i tying  by  means  of  a  chain 
of  winiilasses  siipportetl  upon  piles. 
\-  lie  «ell  ii)  this  i-oniieclion  te  sound 
lu]  HO  doubt  soinctiiiies  ilo,  consume 
IIS.  MJrli  llieir  foml:  and  such  germs, 
with  vilality  iiuimiiaircd  may  upon 
ire  sliniilil  ln'  e\ei  eiseil  to  construct 
>■  tVoni  tlie  contaiuiiuUiug  influences 
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ORBBNINO. 

Notwithstanding  that  almost  every  recent  writer  upon  the  subject 
has  insisted  ax>on  the  harmlessness  of  the  green  coloration  which  is 
ftoqaently  observed  in  certain  portions  of  the  oysters,  there  is  still  con- 
siderable misapprehension  of  the  snbject  by  consumers  and  oystermen 
alike.  The  prejudice  is  confined  to  America,  in  Europe  such  oysters 
being  regarded  as  superior,  and  much  trouble  being  takeii  to  impart  to 
them  their  peculiar  viridity.  In  our  waters  the  greening  is  liable  to 
occur  in  certain  localities  and  at  irregular  times.  Rather  shallow 
waters  appear  to  be  more  susceptible  to  the  production  of  this  effect 
than  the  greater  deptlis,  but  it  has  recently  appeared  on  the  deep-water 
beds  of  Long  Island  Sound. 

When  oysters  become  so  colored  the  oystermen  find  great  difficulty 
in  disx>osing  of  them,  owing  to  the  popular  belief  that  they  are  unfit  for 
food,  or  even  poisonous.  They  often  have  what  is  described  as  a  cop- 
-pery  taste,  and  uninformed  persons  usually  assume  that  the  green  color 
is  due  to  the  presence  of  copper.  A  number  of  careful  investigations 
have  shown  that  such  oysters  contain  no  copper  whatever,  but  that  the 
green  color  is  derived  ftom  a  harmless  blue  green  substance,  phyco- 
cyanin,  which  is  found  in  certain  of  the  lower  plants. 

Under  proper  conditions  these  unicellular  vegetable  organisms  mul- 
tiply in  brackish  or  saline  water  with  great  rapidity  and  provide  an 
imx>ortant  item  of  A>od  to  the  oyster.  The  green  matter  is  soluble  in 
the  juices  of  the  oyster  and  passes  into  the  tissues,  affecting  principally 
the  blood  corpuscles. 

An  oyster  usually  shows  the  first  indication  of  greening  in  the  gills 
and  palps,  and  frequently  this  is  the  only  portion  of  the  animal  which  is 
colored,  a  fact  which  is  explained  when  we  remember  that  this  is  the 
most  highly  vascular  portion.  When  the  supply  of  greening  food  is 
abundant  and  long  continue<l,  the  mantle,  liver,  and  eventually  the 
entire  organism,  with  the  exception  of  the  muscle,  acquire  a  green 
hue.  Such  oysters  are  usually,  but  not  always,  fat  and  well  fed,  the 
result  of  the  abundant  supply  of  nutritious  food,  and  such  a  condition 
could  hardly  obtain  were  the  dye  a  copper  product,  such  as  has  been 
popularly  supposed. 

The  color  may  be  removed  from  the  oysters  by  transferring  them  for 
a  short  time  to  waters  in  which  the  green  food  is  deficient,  a  fact 
which  may  be  available  in  preparing  for  market  oysters  which  popular 
prejudice  refhses  to  use  in  the  green  state. 

In  conclusion,  it  may  be  again  insisted  that  the  greening  is  not  a 
disease,  nor  a  parasite,  nor  a  poisonous  material  in  any  sense. 

r.  C.  S.  1897- 
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Under  proper  comlitions  the  oyster  will  live  for  a  loug  time  after  its 
I  lemoval  from  the  water.  Professor  Verrill  records  a  «fise  in  which 
■IDArketMble  oysters  survived  for  over  t«ii  weeks  while  bung  up  in  the 
Tvindow  of  a  shop,  during  the  months  of  December,  January,  and 
■vPebruary.  The  temperatuxe  wns  variable,  but  upoo  the  whole  rather 
\w6\.    He  nays: 

The  reniarkftlile  <!iitatliia  of  iht>  life  of  Ibese  oyacen  la  andonbtedlf  due  to  tnu 
f  Wtues: 

t.  The  )>erfo':t  onadlliou  uf  Ilio  edges  of  tlie  aliella,  wbich  AUowed  theSD  to  close 
ajiTcry  tl(;lit]r. 

3.  Tba  iioslUon,  Hnnpnudeil  an  lliu.v  were  witli  tlie  fmnt  fdge  downward,  is  (be 
BMt  rnvorabl*  poailion  ixMalbJe  for  tbe  reTeution  of  wat«r  witbin  llie  gilt  carit}', 
for  la  IIiIh  position  tbn  eilges  uf  tbe  iuaiit1»  would  oloavly  pack  ai;itiii8l  thi?  iuurr 
ei]([eB  uf  (lie  abelli  effBt^tUHllj  <.'Iuaing  BDy  smftll  leakB,  and  the  retained  watt-r  tvonld 
kIiu  he  ill  tbe  ujiwl  f&voraTilo  poaitLim  to  tuoisten  tbe  gillt.  even  after  p&rl.  hnil 
•'vapur»Mil.  It  is  ftloo  iiuwible  that  «ben  in  tliitt  ponttioo  Ibn  ojrijter  iastinctiF^'ly 
lipepa  tho  shell  llgbtly  riowxl,  to  pcuvMil  the  loan  of  wntpr. 

This  iiieidmt  may  give  a  hint  ub  to  the  bnst  luortc  of  traiisportiDa  of«lcr<.  ani) 
claiufi  long  tliHtuoc-DD.  rcrfpct  ahelb  obould  hn  aclprteil,  noil  they  should  l>e  pi*i-krol 
with  the  front  eilgD  downward  nod  kept  tunderBtoly  pool  in  a  or%tC  or  somp  hucIi 
reeeptula  wUch  wQI  ftllow  a  trw  clroiilntion  of  Air.  Undtf  Bueli  fovorable  comli 
tioui  seloctod  i.ynlcra  cim  dinilitlen"  Im  kept  fnnu^iiiilit  to  twelve  weeka  ont  uf  waipr 

So  far  as  is  known.  Professor  Verrill's  suggestion  has  not  been  fol 

liiwL'il  by  sUippcrs,  who  st'uni  to  liavf  no  liilliuulty  in  making  shipiueiits 
todistiiiit  poiiils. 

itystfis  ;iri'  usu;\lly  tniiispiirted  in  barrels  or  sacks.  To  far  inhiml 
in  transcjiitiiicrital  puinis  >liipiii.Mit  is  mailc  in  refiiy;eriitor  cars.  In 
rlic  tr:ins|mitatiiin  uf  .Viriciii-aii  oyster^  to  luirope  tlie  same  iiietli(»l  nl 
[lacking  is  lollowed.  ami  tlicy  arc  carrJcd  in  the  cold  storage  chambcj> 
nt  tl.i-  vessels. 

Several  (ieviecs  for  lockin;:  llic  oysters,  so  as  to  jireveiit  the  gaping' 
of  tlie  \alves  ami  the  eseape  "f  the  llniils.  have  been  patented,  but 
tlioy  ilo  not  appear  to  he  in  exlensi\r  use  at  the  jiresent  time. 

It  is  sliiteil  by  s.n]ie  ile:il.-rs  thai  oysters  wliieb  have  been  "iilumpcd" 
or  "I'alteiicd''  stand  sldpincnt  better  than  t hn.sc  which  have  not  been 
Mibjeeted  lo  the  piocos. 

The  oyster,  of  course,  r;in  n^t  lecil  during  the  period  of  its  depriva- 
tioi)  from  water,  ami  to  tnaintain  ils  vilabty  it  makes  draft  Upon  it- 
own  tissues  and  yiadiially  breomcs  imoiei'  in  .jualily.  As  the  vital 
iierivitics  aic  apparently  reduced  at  sncii  times,  the  waste  oi"  tissue  i; 
small. 
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Owing  to  the  importance  of  several  species  of  clams  as  food  for  man 
and  as  bait  in  the  line  fisheries,  it  is  deemed  desirable  to  append  a 
few  facts  relating  to  them  and  to  their  culture. 

Two  species  are  in  common  use  upon  the  Atlantic  coast,  one  of  them 
also  being  an  introduced  species  upon  the  Pacific  coast.  The  quahog, 
bard  clam  or  round  clam  {Mercenaria  mercenaria),  is  i>erhaps  the  more 
important.  It  is  the  "clam"  of  the  markets  of  New  York,  Philadel- 
phia, and  southward,  and  it  is  also  utilized  to  some  extent  in  New 
England.  It  is  a  heavy-shelled  form  living  on  the  muddy  bottoms, 
principally  below  low- water  mark,  where  it  is  taken  by  means  of  rakes 
or  by  the  process  of  "treading  out,"  the  clammer  wadiug  about  and 
feeling  for  the  clams  with  his  toes  and  then  picking  them  up  by  hand 
or  with  a  short  rake. 

The  long  clam  or  mananose  [Mija  arenaria)  is  the  principal  species  in 
the  markets  north  of  New  York,  ami,  on  Jiccount  of  the  comparative 
lightness  of  its  shell,  is  often  called  the  "soft"  clam.  This  species  was 
introduced  on  the  Pacific  coast  with  oysters  brought  from  the  East, 
and  has  now  become  widely  distributed  there  and  an  important  food 
product.  It  is  found  principally  on  sandy  shores  or  in  a  mixture  of  sand 
and  mud,  between  tide  marks.  Its  long  siphons  permit  it  to  burrow 
to  a  considerable  depth,  and  it  is  dug  from  its  burrows  by  means  of 
spades,  stout  forks,  or  heavy  hoes  or  rakes. 

The  soft  clam  appears  to  be  the  only  species  which  has  been  the 
object  of  attempted  cultivation,  although  no  doubt  the  quahog  is 
equally  favorable  for  the  experiment. 

In  Chesapeake  Bay  th;^  soft  shell  clam  spawns  from  about  September 
10  to  October  20.  The  eggs  are  of  about  the  same  size  as  those  of  the 
oyster,  and  iu  their  early  development  pass  through  practically  the 
same  stages.  At  the  end  of  the  free-swimming  stage  the  clam  is  still 
very  small.  It  settles  to  the  bottom,  but  instead  of  becoming  attached 
to  shells  or  other  firm  bodies  in  the  water  it  soon  burrows  into  the  l)ot- 
tom  until  it  is  completely  hidden  with  the  exception  of  the  tips  of  the 
siphons,  through  which  it  derives  its  supply  of  food  and  oxygen  from 
the  currents  of  water  induced  by  the  action  of  cells  provided  with  hair- 
like processes  (cilia).  Upon  very  soft  bottom  the  yo"'*'*  '"*'<*  the 
yoong  oyster,  is  liable  to  become  sofibcated  In 
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larger  it«  jwwotb  of  lix'otnutiou,  which,  though  limited  iu  degree,  i>ereia( 
throughout  lif«,  enable  it  to  extricate  itself. 

Owing  to  its  free-living  habit,  the  methods  in  use  for  catching  oysier 
Bpiit  can  not  be  utilized  for  the  growiiig  of  seed  clama.  Althongh  so 
tai  as  IcQowii  no  aucresiiful  attempt  has  been  made  toobtuin  clam  ttfiat, 
it  seema  i)nibable  that  a  moderately  soi^  bottom  naturally  devoid  of 
clams  could  be  mode  available  by  corering  it  with  a  coating  of  sand  of 
snlllolent  depth  to  prevent  the  Kiukiug  of  the  young  during  the  early 
stageit  aller  it  falls  to  the  bottom.  Later  in  life  they  are  better  able  to 
care  for  themselves. 

Ill  <^rlain  places  the  planting  of  seed  clama  has  been  attended  with 
aooiu  Kuccess,  as  is  shown  in  the  following  account: 


(Quits  an  mlerovling  leuture  Id  iianDootiou  witb  tlie  clam  ll»beries  »t  Essex.  Ma«B., 
WM  found  ia  lliPflliapDul'i.-liim.i'ulturf.  InKSSMunact  naspaaaed  by  thelcgi^Utnre 
MthorLzing  tbo  acleetmen  of  the  tonn  to  atake  ofT  in  lots  of  1  aorn  or  lea*  eftcb  of 
Ul«  tlkti  alnng  tbo  Ehox  Rivor,  kiwi  let  tbem  to  persona  dcBlring  to  plant  claina  for  a 
rsntal  «f  tH  pat-  kirrs  or  lot  for  Hvo  yiwra  and  aa  additional  &e  of  50  c«iitK.  Thiu 
far  mi  aerM  hiive  licvn  takaii  iip  and  aneded  witli  cIhdib.  Small  clama  are  dug  on 
tbo  natural  bad*  *nd  planti'd  on  tbeto  Lilh«no  iiuprodnctive  Itala.  About  500 
liuabela  ATS  r«i|Uit«<l  to  plant  an  acre  properly.  During  lh«  first  two  yean  1, 1889  and 
1800)  tbe  people  were  alow  to  avail  tbeniMlves  of  tbe  privilege  of  planting  for  fear 
that  after  they  bad  apeut  their  time  and  labor  tbey  would  not  bs  able  to  aecnre  pro- 
teotion  from  tnispaawtra.  But  in  1891  And  1883  lota  were  obtained  and  planted. 
The  principal  difflculty  ^nponnterod  has  been  the  loss  of  tba  cliims  by  tbe  aunrl 

theru  were  25  acres  that  wore  quite  productive,  about  one-third  of  tbe  entire  catch 
iif  the  Kci  tiiiii  be  ill);  iihtaiin'il  fioui  tlipiii.     Tbo  rstcU  from  tbvse  lote  is  not  delinilely 

rii<>  nilllviiti'il  r'1:iiiiH  pi'sai'SH  xotii''  ailvaii1a;;e  aver  tbe  uatural  groirtb  from  the 
f:irt  Ibal  ibi  V  iiro  iiinvi'  iinu'onii  in  si/o  and  are  an  large  us  the  bext  of  tLi<  u:it.ural 
cl:iMis.  'I'liiy  briii^fl.T:.  p-T  barrel,  wbile  tbe  natural  clams  sell  fur  $1.50  per  barrel 
TliisiH  thi'  ]irii'<i  ri'<'<'iv.'<l  l>y  I  In;  catrberH.  < 'no  ni-re  of  tbear  cl.iitis  is  couaidered  Iu 
b.'  vv.jrtli  JiljO'"!  if  w.ll  Bi«dcd  iiii.i  favorably  lof:ited  co  an  not  to  be  in  d.-iiiger  of 
bcLii;;  Hiil'mcr>:r(l  with  siiiiil.  Tliis  v;iluatioii  would  be  too  high  for  an  average,  since 
all  tbii^Kr.'saroiiot  oi|i>iilly  n-'ll  nei><l<-<l  and  localrd.  Tlu' clammcrs  are  generally 
iiiiljrc.-'H.'il  tliiit  till'  iiiiluHtry  ciiii  ho  piiiusivcly  aud  profitably  developed,  .ind  their 
iiiily  r»ar  U  llial  tliey  will  not  ^^^■  ablo  ti.  sccnro  lots  pi-rmnnentty.  Tbe  greater  part 
of  llii-  buiil  availalilo  fur  tiiis  pnrpoao  in  rovorfi  by  tlio  deeds  of  people  owning  farms 
nb.ng  1lio  river,  and  the  imiserit  of  tbo  bind-owuers  haa  to  )>•>  obtained  before  lota 
run  biUakcii  up.  It  sretiLx  pnibiibh-,  however,  that  Ihi'  business  will  continue  to 
prciirreJiM  iinlfss  chicked  l>y  coniplii-iitiuiis  that  may  arise  relative  to  the  occupancy 
iif  llm  irroTiuds.  — i(ei«>rt  1".  ,-1.  Kisli  Cnniiiiissiiiu,  1M94,  pp,  I3t>.  141'. 

It  w;is  hoped  tliat  these  idmited  chiins  would  propagate  on  the  new 
bedn,  but  tiie  i.'xpwt;itioii  baa  uot  been  rralized,  owing,  no  doubt,  to  the 
uiisuitablenes.s  of  tho  bottoiu,  a  fact  which  would  also  account  for  the 
absence  i>f  the  species  in  the  first  place. 

Tbe  growth  of  the  soft  clam  is  nuitc  rapid,  and  Dr.  Ryder  has  sbown 
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FIG    1,  INNER  F*CE.  AND  FIG.  2.  OUTER  F*C£  OF  SHELL  OF  TVPICAL  AMEBIC. 
rnm  Fmictb  Aonual  Report,  U.  S.  <inil<«ksl  Burvef. 


Flu.  I.  L'piirr  vien  i>r<-Uisfil  iiiJvpi  of  I'acUli.-oj'KKM-.  Oftrm  luril 
VtO-  'i.  [titKT  fuoe  4>(  veiunil  valve  ^if  rtame  sfwuimeti- 
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PoUr  body  u  broml  end. 
Tv>.  4.  Some  pkk  B  mlnutm  laler. 
Pin.  a.  About  ei  lunmlalrr, 
Flo,  e.  Another  eetc  al  ahoiit  th 

jrrovinjE  over  lAive  oell  or  m&i 


anotber  pMltlon. 

Fid.  is.  An  older  embryo  in  name 
posllloD  aa  In  flic  12 

F^o  17.  A  irtlll  older  embryo  Bbow- 
tag  aplwrlcal  dlkaud  dl««tiTH 
LVTity  npeninK  *<r  mouth,  m. 

Fio.  IM,  An  embrjo  witli  «elM«- 
vflopeA  laml  ibeUs,  oM-r  •»» 
flit,  r  HWeVm.    r-  ■'^ 


After  W.  K.  Brooks. 


Fid.  I.  View  of  right 

Fin. :;,  Ohli^r  lu-m  ot  Europ«an  uj 


¥ta.  a.  AHached  Hpat  vt  Oilrta  vityiHlai 
poIiH;  g,gO)a;  c, (llaunuiiDialk rvpnmetiLi 
the  mouth  m:  r.  nullailoK  miucle  fllirwi  o 


IipI]  uF  Bpal  with  LutbI  shell.  L.  at  thfi  bnA  or  timbo 
fusltiEle  niwiir  cillla  eilendlDK  Irum  the  mantle bordf 

Dent  Bdiluctor  muKle;  (.'.  irloaca:  iv  onil  uu.  venlrli'li^  an')  aurlultf  nf  llu!  heart;  y.  poRflrtcir  sxttwnl 
tba  gilla  and  luncllon  of  the  niaDtle  rnUls.    Otbir  Diiurea  bh  above.    Compare  thla  O^ra  vtth  H.  I,  l| 

Pig.  IBllerW.  K.  BnKik'.    Fir  i!  arterTb.miAJi  H.  Huxh-y.    Fig.  S  after  John  A.  Ryitar. 
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SET  OF  OYSTERS  ON  RACCOON  OVSTER  SHELL,  SHOWING  CROWDING,     NATURAL  SIZE, 


OVSTEH  SP«T  ABOUT  TWO  MONTHS  OLD.  ON  *  STONE.     NATURAL  SIZE. 


FIGS,  I,  J.  HMD  i.  OVSTERS  ONE.  TWO,  AND  THREE  YE»R5  OLO.  RESPECTIVEL" 


II 


FIGS.   1   AND   2.     OYSTERS  FOUR   "NO   FIVE   VEifiS  O 


NATURtL  SIZE, 
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BUNCH  OF  OVSTEHS  FHOM  GBE*r  POINT  CLE»I»   REEF    SHOWING  RBOWTH  OF  MUSSELS  AND 
BARNACLES. 

Fnmi  HullMin  V.  W.  t"Wi  (:ranmi-*\.ni.  VSi. 
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